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‘Water Power 
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HIS IS AN AGE OF SPECIALISATION; and while the 



























theoretical arguments against specialisation are 
legion, few can attack it on practical grounds. 

In our own field of switchgear we came to no 
momentous decision to specialise. Rather it was 
events that decided for us. We found that electrical 


undertakings all over the world were in need of 





switchgear. We also found for a host of reasons that 
the making of safe and reliable switchgear was our 
strong suit. Ergo, we specialised. 

And, specialising, we both attracted and created 
specialists, producing within the specialist macro- 
cosm of switchgear a hundred-and-one specialist 


microcosms. On the 132 kV 3,500 MVA air-blast 





circuit breaker the performance achieved is the 
result of the integrated work of specialists on 
insulation, arc control, contact materials, air 
operating mechanisms and many other facets of 
modern switchgear. 

Our primary concern is designing and producing 
switchgear, so if you have any transmission or 


control problems, why not talk to us. 


If you want to talk switehgear 
--- talk to KReyrolle 





A. REYROLLE & COMPANY LIMITED - HEBBURN - CO. DURHAM T 


CRC 258 
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The problem presented twenty-five years ago by the Sorocaba Power Station of the 


Sao Paulo Electricity Company in Brazil was the installation of a 25,000 h.p. turbine unit 


on foundations originally built for a 15,000 h.p. unit. 


The solution was found in a 600 r.p.m. turbine designed and built by ‘ENGLISH ELECTRIC’, 


its specific speed being a record at that time for the head of 670 feet. 


Every hydro-electric scheme presents its individual problems, 


problems which The ENGLISH ELECTRIC Company—still in the forefront of progress— 


is ideally equipped to solve. 


ENGLISH ELECTRIC 


hydro-electric plant 











THE ENGLISH ELECTRIC Company 


HE.9 


WATER 


WORKS: STAFFORD 
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LIMITED, 


QUEENS 


House, KINGSWAY, LONDON, 


Hydro-electric Department, Stafford 
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DISCHARGE REGULATORS FOR DAM OUTLETS 


































The Larner-Johnson valve possesses exceptional qualities for free 
discharge control. No other valve provides so complete an answer 





to the dual problems of high velocity flow and hydraulic unbalance 
associated with this duty. Being of true streamline form, it passes 
a smooth jet at all openings, giving freedom from vibration and 
erosion under the highest heads. Operation is by means of the pipe 








line pressure acting on the plunger, governed by an internal pilot 
valve control which holds the plunger in balance at all open positions 
(when stationary) and creates the appropriate unbalance for opening 








or closing. Ease of operation is thus ensured, irrespective of size or 





pressure. Simplicity of design, freedom from distortion troubles, 
absence of sliding surfaces under pressure, all contribute to the 
success of the valve over the full range of conditions. Some of the 
largest valves of their class are of Larner - Johnson type, amongst 
them the three 13 ft. by 7 ft. 6 in. and four 9 ft. by 7 ft. 6 in. regu- 
lators at Hume Dam, on the Murray River, Australia, certain of which appear in the adjoining photographic view. 


Full particulars from : J. Blakeborough & Sons Ltd., Brighouse, England. 











BLAKEBOROUGH 
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Boving 


&€ COMPANY LIMITED 







WATER TURBINE 


ACTUATORS 



















Tie is the most modern type of Boving Actuator — the F.10 and it is 
here seen both in process of assembly, and undergoing test at the 
works of John Brown & Co. Ltd. at Clydebank. 
These Actuators contain the speed-responsive element of the governing 
system of large water turbines. They are highly sensitive and embody 
every modern feature to enable them to meet the onerous governing 
requirements of a large turbine. 
In normal practice Actuators are arranged for remote control and 
the F.10 is particularly suitable for 
oy fully automatic plants. 


—E COMPANY LIMITED 





Head Office: 
56 KINGSWAY, LONDON, W.C.2. ENGLAND 


Branch Offices: Wellington, Druids Chambers, Woodward Street. 
Melbourne: 99 Queen Street. Karachi: Forbes Buildings, Dunolly Road 
Calcutta: c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place 


Representatives in all parts of the world 








WATER TURBINES....PULP & PAPER MACHINERY * 
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On Land or Sea- 
ROTOVALVES 


are the answer 
to Efficient 
FLUID Control 








WHATEVER the jcb is, there is a specially-designed 
Rotovalve for that specific purpose - one of correct 
design and size! 

With a complete line from which to make a select- 
ion — for air, water, or sewage, and in sizes from 6” 
to 48” and larger, as required. Each type provides 
unique operating advantages, made possible by design 
that assures high efficiency! 

Valves for use in pipe-lines; Check Valves for pro- 
tection against backflaw ; Stop Valves for easy closing 
and opening under high pressures; Valves for free 
discharge; Pressure-Regulating Valves for energy dis- 
sipation; Conical Plug Valves for all kinds of uses! 


Notable improvements have been made. So tune 
in on TIME. Modernize with Smith. Enjoy economy 
and freedom from inefficiency. Get the maximum 
return on your valve dollars by putting your fluid 
control problems up to us. 4 


S‘MORGAN SMITH COMPANY 
YORK - PENNSYLVANIA - U-S:A: 


If it’s Hydraulics-Put It Up to Us 


The Harland Engineering Co. Ltd., Alloa, Scotland, 
Manufacturing Licensees for the British Commonwealth. 


4y SMIT 
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GENERATORS 
TRANSFORMERS 
ELECTRICAL 
APPARATUS 


For power stations of all 
types we supply generators, 
transformers, complete 
switchgear, control rooms, 
regulating and control equip- 
ment, remote indicating and 
regulating installations, and 
carrier- current telephony 
links over power lines. 
Electric motors for power 
station auxiliaries. For steam 
power stations we manu- 
facture in addition: Velox 
boilers, steam turbine sets, 
and condensing installations. 
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Fabricated stator frame for 


Hane: a BROWN, BOVERI & CO. 
LIMITED 


BADEN (Switzerland) 
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“ORTHOJEC 2 


LOW OIL CONTENT CIRCUIT BREAKERS 
FROM 3 TO 400 kV; FROM 60 TO 8,000 MVA “it 
we 20-years experience 


SYMMETRIC BREAKING CAPACITY. 
1) af a yx 10,000 three-pole apparatus ; | 
e yn ; ix widely distributed all over the : %: | 













e 
, nl ) 
world, more than 1,500 of 


which are above 60 kV. 5 
xe numerous tests in official ae 
Stations < ; 









GENISSIAT POWER 
STATION 

Some of the 8 “‘ Orthojecteur”” 

circuit breakers, 220 kV 

5,000 MV A, equipping the 

High Tension Station. 









Ateliers de Constructions Electriques de 





25, Chemin de Cyprian 
LYON-VILLEURBANNE - FRANCE 
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Voith-Hydraulic Turbines for Water Power Plants 


f : eo 





























VOITH 42570 


Workshop assembly of a split Francis runner. Diam. 16 feet 5 inch. Output 60,000 H.P. 


‘ Engineering Works, Heidenheim (Brenz 
G IMVoith G.m.b.H., Ps wes: g Work . Germany eim (} 
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Post Insulators 


were specified for the 
Tarraleah Sub-Station, Tasmania 


The Sub-station at Tarraleah, Tasmania, is one of the many 110 kV. and 88 kV. sub-stations on 
the Hydro-Electric Commissior’s system equipped throughout with §.P.P. Cylindrical Post 
Insulators. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire Telephone : Stourport III Telegrams : Steatain, Stourport 
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FOUNDRIES + PLATE FABRICATING 


Complete Facilities for the Production of 


HYDRAULIC 
TURBINES 


Francis, Propeller or Impulse—small, me- 
dium or large—-at Dominion Engineering 
are the complete facilities and the long, 
specialized experience to produce them. 


Here, for example, are foundries which 
produce iron, steel and bronze castings. 
Here, too, are plate steel and machine shops 
equipped with a complete variety of tools 
to fabricate any size or type of turbine. 


The extent of such facilities is your assur- 
ance of quality production and good deli- 
veries to any part of the world. Dominion 
Engineering is at your service whenever 
you are considering new water power 
developments. 


Write to P.O. Box 220, Montreal, for 
Hydraulic Turbines Bulletin No. 201. 





Bas 


A 
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LOCOMOTIVES and CRANES PILING PLANT EXCAVATORS DUMPERS - TRAC ORs 













LIFTING TACKLE HYDRALOADERS _- ROLLERS - BULL DOZERs 






GRABS - CONCRJ * WINCHES and HOISTs 










CRUSHING PLAN SHOVELS - DUMPERs 






AUTO-TRUCKS 





AUTO-TRUCKS 








JACKS + BARROWS 







CONVEYORS 











CONTRACTORS’ TOOL 





GRABS ROAD ROLLERS 





CONCRETE MIXERS 











BULL DOZERS 





TRACTORS 





LIFTING TACKLE 





DUMPERS 





Long experience and unrivalled resources 
combine to make WARD’S PLANT HIRE 
and SALES SERVICE a model of modern 
efficiency. Whether you wish to BUY 
plant or to HIRE it, it is good business in 


these difficult times to remember that 
TRACTORS \CA@SS a “WARDS might have it!” 


sil a 
Nal Sens Stl Sed Send 


















































THOS W.WARD LID =! 
ALBION WORKS - SHEFFIELD —= 
TELEPHONE: 26311 (22 LINES) * TELEGRAMS: ‘FORWARD, SHEFFIELD’ = 









LONDON OFFICE: BRETTENHAM HOUSE-LANCASTER PLACE - STRAND W.C.2 @-—————=—= 
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IIDUSTRIAL AND PASSENGER 


AERIAL ROPEWAYS 


ERT 
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=" MANUFACTURED IN GREAT BRITAIN 


| ROPEWAY CO. LTD. 


ae IMPERIAL HOUSE, DOMINION STREET, LONDON, E.C.2 


—S Telephone ; CLErkenwell 1777 ( 8 lines ) 
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Telegrams : CERETANFA, Re}, Tete), 









S A E: OVER 25 YEARS DESIGNERS, SUPPLIERS AND CONTRACTORS FOR: 





Power transmission lines 










Railway, tramway and trolley-bus contact lines 

Overhead and cable telegraph and telephone lines 

Electric light and signal installations 

Lattice towers for power lines and substation structures 

Steel structures for industrial buildings, warehouses and radio towers 
Centerings for bridges and frameworks of all kinds 

Galvanized fittings for electric lines and substations 


Erection equipment 
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Double Circuit 
transposition tower 

for the Damodar Valley 
132 kV Lines (India) 
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\ 
SOCIETA ANONIMA ELETTRIFICAZIONE S.pA. 
Via Larga, 8-Milano (Italy) 

Established 1926 
Telephone 898.142 Cables: ELETTROBRENNERO MILANO 
London Representative Office: 2 Victoria Street, S.W.1 Telephone: ABBey 7210 
Subsidiary Companies, Branches and Representatives throughout the World 
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NORTHERN OUTFALL WORKS, BECKTON 
Primary Sedimentation Tanks—Stage One 
for the 


LONDON COUNTY COUNCIL 











"| Ze work in progress includes the construction of sixteen 

Sedimentation Tanks with settled Sewage and Spillway 
Channels; Screen House with Main Supply Channel, 
Penstock Chamber and Intercepting Sewer; Supply and 
Distribution Channels, Pump House, Sludge Mains, etc. 


PRINCIPAL CONTRACTORS 


EDMUND NUTTALL 


SONS & COMPANY (LONDON) LTD 
CIVIL ENGINEERING CONTRACTORS 


22 ,GROSVENOR GARDENS , LONDON, S.W.1. 





AILANO 
ey 7210 
World 


FS) 
yer 195. 
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THE 
GREAT 
MASTERS 







—_— ae 






Sir Isaac Newton (1642-1727) 
A great name in English science, that 
will always be remembered through 
the story of the falling apple, and 
how it led to the discovery of the law 
of gravity. 








Sir Isaac, carrying on the work of 
Galileo and Kepler made vast advances 
in mathematics and astronomy. His 
theories were very ably expressed in a 
great work, the ‘‘Principia’’. 












The name*‘Taylor Tunnicliff’’ has become 
synonymous with all manner of high 
quality ceramics serving the electrical 
and electronic industries of our own age. 








TAYLOR TUNNICLIFF & CO., LTD. 


Masters of Porcelain Insulation 
MAKERS OF FINE PORCELAIN FOR HIGH VOLTAGE INSULATION AND CERAMICS OF 
EVERY DESCRIPTION FOR RADIO < TELEVISION & THE ELECTRICAL INDUSTRIES 


HEAD OFFICE: EASTWOOD - HANLEY °- STAFFS « Stoke-on-Trent 5272/4 
LONDON OFFICE: 125 HIGH HOLBORN - W:C:1 °* Holborn 1951/2 
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CONTROL VALVES 
for 
Water Turbines 


Butterfly valves for a pipe diameter of 
3.4 m (II ft.) 


IN connection with the manufac- 
ture of water turbines we design 
and build CONTROL VALVES, 
gates and other equipment for 
hydro-electric power plants. 


Spherical valve. Pipe diameter 1.9 m (6 ft. 3 in.) 


ALL the valves illustrated in this 
advertisement are hydraulically 
Operated and designed for a 
working head of 64 m (210 ft.). 


Parts for a needle valve of the Larner-johnson type. 
Pipe diameter 1.9 m (6 ft. 3 in.) 


NYDQVIST & HOLM AKTIEBOLAG, Trollhattan, Sweden 


Telegrams: Nohab, Trollhattan Codes: ABC 6th ed., Bentley’s 
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A SOUTH DURHAM STEEL PIPE LINE FOR 


Lavado bila Nova 


HYDRO-ELECTRIC SCHEME 


This important scheme to increase civil and 
industrial power resources in N.W. Portugal now 
approaches completion. The 300 ft. high Venda 
Nova dam across the River Rabagoa near its 
confluence with the Cavado, forms the reservoir 
from which water flows 15 miles through a tunnel 
through intervening mountain to a valve house at 
the tunnel outlet. From this point a South Durham 
Steel pipe line 
carriestheflow 
some 2,950 ft. 
down to the 
turbine house. 


The South 
Durham steel 
pipe is in dia- 
meters 93’, 
7, m. 
and is electric- 
ally weided 
throughout 
with spigot 
and socket jointing for welding in situ. The pipe | 
thickness is !3/;6" to 2}” for a working pressure at 
Power House of 590 Ibs. per square inch. Total} 
weight of the pipe line is 2,000 tons and all pipe) 
and special pieces were erected, welded and tested: 
by South Durham engineers and skilled workmen, 














SMR IIES te RS 


SOUTH DURHAM 
STEEL PIPES 


<2 5 NN 


South Durham Steel & Iron Co. Ltd., Pipe Department, 
Stockton-on-Tees. Telephone: Stockton-on-Tees 66117. 
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Giant hydro-electric schemes in all parts 
of the world ‘make use of BRECO Aerial 
Ropeways and Cableways. ” 
One of the largest builders of heavy capacity 
Ropeways and Cableways in the world, 
BRECO will supply advice and technical 
information willingly, and without 
obligation. 











VAAL / 





neces a entree hn SS ee ee ee te Te, a | 


ROPEWAYS 





‘RITISH ROPEWAY ENGINEERING CO LTD PLANTATION HOUSE MINCING LANE LONDON E.C.3 





Onions Scrapers are way ahead 


The 13 cu. yd. Onions Scraper in action 
with the Vickers VR‘180 Tractor 


Onions Scrapers are made in 

3, 4, 6, 9, 13 and 20 cu. yd. sizes. Tractors equipped with Onions Scrapers give faster 
production and lower operating costs. 6 cu. yd. models and over are equipped with a 3-piece 
cutting edge tipped with wear resisting alloy ; two sets of end pieces are provided for either 


digging or levelling. 





These features put Onions Scrapers ahead of their field :— 


pementens Lightweight combined with tough construction. 


CONTROL UNITS ; : 
Ample tyre equipment, including extra large rear tyres for 


for finger-tip 7 ~ maximum flotation. 
control of heavy , 
-arth-moving eet Bee 0 | Stability — the rear wheels are set to almost the full width of 


equipment. a the cutting edge. 


Light to operate — central thrust tail gate and high lift apron 
for easy dumping. 





Balanced draw bar for quick attachment to tractor. 


Low pressure greasing on all wheels preventing over greasing 
and excessive wear on oil seals. 

AN ONIONS RIPPER — 
another leading design in earth- 
moving equipment. Available in 
sizes to suit all tractors. 


Safety lock on apron when wide open for maintenance. 


World Distributors of 
Onions Scrapers, Power Control Units and Rippers 











JACK OLDING & CO. LTD - HATFIELD - HERTFORDSHIRE - ENGLAND 
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HIGH PRESSURE PIPE LINES FOR HYDRO-ELECTRIC POWER PLANTS 





FERRUM (England) LIMITED, London, and their Associate Company, FERRUM MONTAGE 
A.S., Oslo, Norway, have for many years specialized in Design, Supply and Erection of High 
Pressure Pipe Lines for Hydro Electric Power Plants. 


More than 300 contracts have been carried out by the Ferrum Organization for 
supply of High Pressure Pipe Lines to all parts of the world. Since the beginning 
of 1946 Contracts for the Supply and Erection of High Pressure Pipe Lines 
have been placed with our Organization for 44 separate Hydro-Electric Installa- 
tions, including highly important Power Plants in Norway, India, Tasmania 
and Victoria (Australia). 


We shall be pleased to send on application pamphlets containing illustrations and lists 
of Pipe Lines supplied by our organization 


FERRUM (England) Limited = encineers 
STAFFORD HOUSE, 43 NORFOLK STREET, LONDON, W.C.2 
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Here you see 4 OERLIKON-Alternators 


the most powerful in Switzerland, each of 
52,250 kVA, in the INNERTKIRCHEN 
UNDERGROUND POWER STATION. In 
the meantime a further similar Alternator 
has been installed and the total output of this 
plant increased to 261,250 kVA. 


Some further alternators under construction: 


Ministry of Public Works 
Assouan Power Station (Egypt) 2 Alternators each of 49,500 kVA 


Marmorera Power Station 
(Switzerland) 2 Alternators each of 26,000 


Comision Federal de Electricidad 
(Mexico) | Alternator of 57,000 


Grimsel Power Station 
(Switzerland) | Alternator of 46,000 


Electricité de France, Montpézat 2 Alternators each of 63,000 
Grande Dixence (Switzerland) | Alternator of 52,500 


OERLIKON ENGINEERING COMPANY, ZURICH 50 (SWITZERLAND) 


London Office: Oerlikon Ltd., Victoria House, Southampton Row, London, W.C.1. 
@ Agencies and Representatives in numerous other countries of the world. @ 
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150 kV OPEN-AIR SUBSTATION IN NORTHERN ITALY EQUIPPED WITH OFFICINE GALILEO CIRCUIT BREAKERS AND SECTION SWITCHES 


LOW-OIL CONTENT CIRCUIT-BREAKERS 
AIR-BLAST CIRCUIT-BREAKERS 
MEASURING TRANSFORMERS 


“OFFICINE. GALILED., WALL INSULATORS 
HIGH VOLTAGE CONTROL DESKS 
ELECTRICAL SWITCH-BOARDS 


APPLIANCES SECTION SWITCHES 


FOR 12 TO 275 kV OPERATING VOLTAGE 


PLEASE SEND ENQUIRIES TO: UFFICIO COMMERCIALE DELLE OFFICINE GALILEO DI BATTAGLIA 
TERME - MILANO (ITALY) - VIA P. CASTALDI, 24 - PHONE 265370 - TELEGRAMS: ELETTROGA (ITALY) 


WATER POWER _ October 1952 





A typical installation of RapieR Gates for Spillway and 


Tailrace at the Golden Falls Hydro-Electric Generating 
a [ ’ E Station on the River Liffey, Eire. 


WATER CONTROL GATES 


for 
Power Plants Water Supply 


River Control Irrigation 


Locks & Docks 


RANSOMES & RAPIER LTD 


ENGLAND 
IPSWICH—Waterside Works 32 Victoria Street—LONDON 


——— 


Photograph reproduced by kind permission of the Electricity Supply Board, Eire. 
WATER: POWER October 1952 





el 


HYDRAULIC T 


evelopment 


URBINES 


er power d 


ent in wat 
an 90 years 


promin 
for more th 


g water into yseful energy 


n runnin 
wn to the 


Leffel turbines tur 
with the highest efficiency kno 
Since 18 


THE JAMES LEFFEL & CO 


DEPART 
MENT 
W ¢ SPRINGFIELD, OH 
’ 10 U 
: ’ a Ss. A. 


MORE E 
FFICIEN 
T HYDRAULIC POWER 
FOR 90 
YEARS 


WATER 
PO 
WER October 1952 





, 


Y 
$f 


7 


“ORY 


4 


N othing so simply and swiftly clears a building or 
drainage site of subsoil water as Millars’ WELLPOINT 
Dewatering System. 

Correctly placed and installed, Millars’ WELLPOINTS 
will function in running sand or where heavily water-logged 
conditions are encountered — so effectively that trenches 
and foundations up to 20 ft. below water level can be 
excavated without timber where sides can be ‘battered’. 

The employment of Millars’ WELLPOINT Dewatering 
Equipment makes incalculable economies of time, labour 


and plant, and ensures completely dry working conditions, 


MILLARS’ 


WELLPOINT 
DEWATERING SYSTEM 


This was the problem confronting the 
Contractor on the site at Chadwick 
Fields Estate, Middlewich. 
The problem solved by Millars’ 


Wellpoints. Header pipeline can 
be seen at right of trench. 


MILLARS’ WELLPOINT DEWATERING PLANT is 
available on hire . . . We shall be pleased to send you 
fully descriptive brochure on this system. 


MILLARS’ MACHINERY COMPANY LTD. 


WELLPOINT DEPARTMENT, CROMFORD HOUSE, MANCHESTER 4. BLA 8813/4 
London Offices: Pinners Hall, Great Winchester Street, London, E.C.4 * Head Office & Works: Thorley, Bishop’s Stortford, Herts. Tel: Bishop’s Stortford 694/5 
Service Depots: Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds, London, Manchester. 
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Vevey 3094 


Vevey Engineering Works Limited 


Vevey / Switzerland 


Complet Equipment for Hydro-electric Power Plants 
1424e 
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Specialists 





IN THE DESIGN AND MANUFACTURE OF 


WATER TURBINES 


UP TO 1,000 B.H.P. 








The illustration is of a 
horizontal shaft cased 
Francis Turbine for 
operation under a head 
of 90 ft. This machine 
has recently been built 
for electric power 
generation at a Tea 
Factory in Ceylon. 


OIL-PRESSURE 
GOVERNORS 


SLUICE GATES 


AND COMPLETE 
HYDRO-ELECTRIC 
INSTALLATIONS 














RINGWOOD : HAMPSHIRE » ENGLAND 
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THIS specially 
treated shock 
resisting Steel 


Alloy 


.. and 

THIS Victor 
Tungsten 
Carbide insert 


COMBINE TO GIVE YOU LOWER COST DRILLING NOW 


Att VICTOR’S 20 years’ experience in the manufacture have stood up to performance tests as tough as we 
of tungsten tipped rotary drilling bits has gone can make them and are now ready to take their place 


into the development of these new drill steels. They in the world famous range of Victor mining tools. 





THE NEW 


/ ' 
WOW MAKING THEIR MARK A Vi Ke) r 
es } victor 


SEND FOR DETAILS — NOW! 





VICTOR PRODUCTS (WALLSEND) LTD - WALLSEND-ON-TYNE - ENGLAND 


a 
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Playing an IMPORTANT role in World Industry! 





Stator in course of winding 
for a 25 MW, 11 kV, 600 rpm 
vertical shaft water wheel 
alternator. 


HYDRO ELECTRIC PLANT 


GENERAL ELECTRIC CO. LTD * MAGNET HOUSE - KINGSWAY - LONDON 
WATER- POWER October 1952 
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With acknowledgement to the 
North of Scotland Hydrolectric Board 


Consulting Engineers : 


James Williamson & Partners 





SLOY DAM 











6} Miles of Rock Tunnels - 8} Miles of Concrete Aqueducts 
and Ancillary Works 


PART OF THE LOCH SLOY PROJECT 
CONSTRUCTED BY 


BALFOUR, BEATTY & CO. 


LIMITED 
66 QUEEN STREET, LONDON, E.C.4 


Also at EDINBURGH - NAIROBI - BAGHDAD - BUENOS AIRES 
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OVER EIGHT 
MILLION 
HORSEPOWER 


The Newport News Shipbuilding 
and Dry Dock Company has re. 


ceived orders for the building of 


hydraulic turbines aggregate rated 


output of 8,135,000 horsepower. 





ASSEMBLY OF SPIRAL CASINGS FOR C. J. STRIKE DEVELOPMENT 


NEWPORT NEWS 
SHIPBUILDING AND DRY DOCK COMPANY 
Newport News, Virginia 
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NATURAL 
RESOURCES 
HARNESSED 








Hydro-electric Equipment 


A natural source of perpetual power lies in the 
upland lakes and rivers of almost all countries. 
To harness it, BTH supply all plant required 
for hydro-electric power schemes. The long 
experience of hydro-electric engineering possessed 
by BTH is one reason for the superiority 
of their equipment. Another is the exceptional 
capacity of the Rugby works, where plant on a very 
large scale, such as is required for many hydro- 
electric schemes, can be built without restriction. 


Top: Artist’s impression of the Los Peares 
Power Station, North West Spain. 


Left: View of a model of the interior of the 
above Power Station showing the exciter 
casings of the three BTH vertical waterwheel- 
driven alternators which will have a total 
output of 187,200 kVA. 


For all plant required for Hydro-electric 
Power Schemes — Consult BTH. 
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THE RIVER THAT MENDED ITS WAYS 


For centuries Brazil’s great Sa6 Francisco 
River ran its 2,000-mile course to the sea with- 
out surrendering its huge power potential to 
human needs. Today, to help meet these needs, 
Brazilians have channeled its plunging waters 
into a new source of electrical energy for the 
entire northeast region. 

Right nowatthe site of Paulo Afonso, Brazil’s 
largest postwar hydroelectric project, a huge 
Westinghouse 60,000 kw waterwheel gener- 
ator is being installed. It is one of three Wes- 
tinghouse generators ordered by Companhia 
Hidro Eletrica do Sa6é Francisco as part of its 
program to provide low-cost power for rural 


electrification, industry, agriculture, flood con- 
trol and irrigation. 

The three generating units will operate in an 
underground powerhouse carved out of rock 
and will be driven by water diverted from the 
Sa6 Francisco River by a 2)4-mile diversion 
dam. Westinghouse is also supplying all trans- 
formers and switchgear for the 180,000-kw 
project. 

The harnessing of the Sa Francisco to meet 
Brazil’s needs dramatically illustrates the ca- 
pacity of Westinghouse to design and build 
standard or specialized power equipment for 
installations anywhere in the world. 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 








Cavitation 


VERY designer of prime movers for the genera- 

tion of electricity has his own limiting factors with 

which to contend. The steam-turbine manufac- 
turer, in his search for higher efficiencies and larger- 
sized units, finds that metallurgical limitations in 
regard to the rotor and blading materials begin to 
intervene. The gas-turbine engineer finds that he could 
improve efficiencies very greatly if he had metals 
suitable for operation at higher temperatures than 
those with which he now has to be content. The 
reciprocating-engine designer can produce highly 
efficient smali high-speed units, but he encounters 
the inherent difficulties associated with any kind of 
reciprocating motion when very large sizes are con- 
templated, and moreover, cooling problems become 
formidable. The hydro-electric engineer, on the other 
hand, has few limitations to contend with once he is 
assured of a given head and flow of water; but among 
these few, perhaps the onset of cavitation is the most 
troublesome. 

In spite of a great deal of research undertaken in 
almost every country in which either water-power 
plant, ships’ propellers, or large pumps are manufac- 
tured, there is still some division of opinion as to the 
exact cause of pitting and erosion on moving surfaces 
exposed to the passage of water. It is generally 
accepted that the prime cause is the formation of 
bubbles of water vapour on the turbine blades and 
the adjacent metalwork. These bubbles, as well as 
modifying the velocity and pressure distribution in 
the spaces round the runner, cause pitting and wearing 
away of the blades by both chemical and mechanical 
action. High-speed photography, developed by Hun- 
saker and others, has enabled much greater know- 
ledge to be obtained of the way in which cavitational 
effects cause trouble. Air tests, carried out by physic- 
ists skilled in the type of aerodynamical research 
which has been developed to a fine art by the aircraft 
industry, have gained much valuable knowledge on 
the correlation of model tests and full-scale opera- 
tional experience. The Thoma cavitation factor o can 
be related to the model tests, and so greater certainty 
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can be assured in design for a given situation from 
model-test results. 

Cavitational action on various metals and alloys 
has been thoroughly investigated. Figures have been 
arrived at which relate, for example, the degree of 
pitting to the length of time high-head Francis 
turbines are operated on small gate openings. The 
occurrence of local pitting before the cavitation factor 
is reached has been investigated with the aid of 
stroboscopic photography and other methods. Very 
much has been done to avoid cavitation effects by 
the use of stainless steel and other palliative measures. 

In spite of these and many other investigations into 
cavitational problems, the designer still cannot be 
entirely free to set out his design in any way he 
pleases. The value of o for any given installation rules 
him closely. This factor, which relates the local 
pressure drop, the draught-tube efficiency and other 
hydraulic conditions, can be assessed for each design 
and adapted empirically to the circumstances of each 
location. A very great deal of time and money is 
undoubtedly expended, in the hydro-electric plants of 
the world, in combating erosion, whether by replace- 
ment of runners or by welding of eroded surfaces, and 
to these sums must be added financial losses caused 
by reduction of efficiency in operation. It would 
appear, therefore, that one of the most pressing needs, 
by way of further research, is to find a method of 
preventing cavitation effects before they commence 
to give trouble. 

The chemistry of erosion due to cavitation is im- 
perfectly understood. It has been suggested that the 
liberation of oxygen from the water is one of the 
prime causes of action on the metal. Chemical re- 
search may enable hydro-electric engineers to strike 
at the root of the matter. 

Greater knowledge of fluid mechanics, increased 
facilities for observation on actual installations, for 
example by the use of radioactive tracers and by 
better instruments for such techniques as stroboscopic 
micro-photography, may lead to a virtual elimination 
of this source of difficulty. 
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Auckland Report 


THE annual report of the Auckland Electricity Board 
for 1950 states that during the year power rationing was 
severe. Through abnormally dry conditions, the State 
hydro-electric department imposed a ten per cent. re- 
duction on basic allocations to distributing authorities 
and this affected the year’s trading. Every commodity 
used by the Board in its undertaking was costing more 
and there was no evidence of any falling tendency. 
The increase in the price of imported articles bore a 
close resemblance to the ratio of increases on articles 
manufactured locally, indicating the universality of 
the inflationary spiral. The Auckland Electricity 
Board’s General Manager is preparing a report on 
tariff revision. 


Federal Power v. Hydro Power 


THE world’s power generation authorities are fairly 
rapidly becoming divided into two categories: those 
where over-all governmental authority is accepted, as, 
for example, in Great Britain, and those countries 
where large private enterprise power pools work in 
somewhat uneasy conjunction with State-appointed 
planning commissions and with portions of the 
national territory where State power boards have 
complete monopoly. 

An example of the type of difficulty encountered 
among the latter category of power authority is seen 
in the United States, where the Idaho Power Company 
is in difficulties in regard to obtaining permission 
to commence its 25 million dollar 140 MW Oxbow 
project. The Company propose this scheme as one of 
five which form an alternative to the Department of 
the Interior’s 356 million dollar Hell’s Canyon 
development. The Secretary of the Interior asked the 
Federal Power Commission, at a recent Enquiry, to 
reject the Power Company’s proposal, as he contended 
that it would prejudice the Federal project at Hell’s 
Canyon. 


Tasmanian Progress 


THE Tasmanian Hydro-Electric Commission has 
reason to be proud of the work it has carried out 
since it was formed in 1914 as the Hydro Electric 
Department for the purpose of investigating, develop- 
ing and controlling the water-power resources of 
Tasmania. The practicable water-power developments 
in the island have been estimated at a total of 
1,250,000 kW, and in the recent Report of the Com- 
mission it is stated that by now 184,500 kW have 
been harnessed; with the completion of the Butlers 
Gorge station and the additions at Tarraleah, the 
capacity will rise to 211,000 kW. A considerable plan 
of development has been envisaged, and it is likely 
that the steady increase in installed capacity, from 
7,000 kW in 1916, when Waddamana “A” was the 
only unit in service with two 4900 h.p. turbines, up 
to the present time will continue. 

One of the generating units for the Tungatinah 
station on the Nive River development has been 
shipped from Great Britain during the summer. It 
is a reaction turbine of 35,000 h.p. to operate under 
an effective head of 950 ft. The other three sets will 
be shipped at regular intervals to complete the 
scheduled development of 140,000 h.p. by 1954. 
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Nearly 80 per cent. of the total estimated water- 
power resources of the Commonwealth of Australia 
are situated in Tasmania, and it may well be the 
case that a submarine cable across the Bass Strait. 
involving the use of high-voltage direct current, will 
have to be considered seriously before long. 


The Lower Bhavani Dam 


ALTHOUGH the 29,400 ft. long Lower Bhavani 
dam, the longest in the world, with a storage of 
28,000 million cu. ft. spread over 26 sq. miles, is 
primarily intended for the irrigation of 207,000 acres 
in the Coimbatore district, provision is also made 
for generation of hydro-electric power. For this pur- 
pose, four pipelines, supplied by Ferrum Limited, are 
built into the dam on the right flank next to the 
river sluices and 43 ft. above the river bed. These 
penstocks have a drop of 34 ft. from the upstream 
side of the dam to the turbines and will operate under 
a maximum head of 76 ft. of water in the reservoir. 
Each penstock will feed a turbine of 4,000 h.p. 
coupled to 3,125 kVA, 272 r.p.m., 3-phase, 50 cycle 
generators developing a seasonal power of 10,000 
kW. The transformer station will be of the open 
type. The installation of power plant will be taken 
up after the completion of the dam at the end of 
this year. The power generated will be connected to 
the 110 kW line from the Moyar station which runs 
very close to the dam. The extra power generated will 
be utilised by textile mills and other small industries 
in the area. 


Uganda Transmission Line 


Discussions between representatives of Kilembe 
Mines Limited and Mr. C. C. Spencer, Financial 
Secretary, and Mr. C. R. Westlake, chairman of the 
Uganda Electricity Board, have recently been con- 
cluded in Canada. Subject to the approval of the 
Uganda Electricity Board and of the Government of 
the Uganda Protectorates, agreement was reached 
with Kilembe Mines Limited for the construction of 
a £2,000,000 transmission line from Owen Falls to 
the Kilembe Mines on the basis of a substantial capi- 
tal contribution by the mining company to the Uganda 
Electricity Board together with an annual payment 
for 11,000 kW of power. 


American Survey 


SURVEYING the electric power situation in the 
United States, the Director of Defence Mobilisation, 
in his sixth quarterly report to the president, says it 
now appears as though only about 7:1 million kW 
of new generating plant of the 9 million kW con- 
templated will be installed this year, and he attributes 
this deficiency primarily to delays in the delivery of 
plant. The deficit of about 2 million kW may be 
partially offset by a lower peak demand during the 
coming winter than had been previously forecast. 
Even so, capacity will be inadequate in several 
regions, particularly the Pacific Northwest and the 
Southern States from Texas to the Atlantic. In the 
Pacific Northwest the estimated loads for 1952-53 are 
greater than expected generating capacities under 
average conditions, and if run-offs prove to be below 
average, drastic curtailment will be necessary, in- 
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volving a substantial loss of aluminium production. 
The largest Government-assisted power scheme is 
that covering a 400 MW plant being built on the 
Muskingum River in Ohio, at an estimated cost of 
over 55 million dollars. When it is placed in service 
in mid-1953 this installation will provide additional 
power for important defence industries, including 
those producing ferro-alloys, steel, and electronic 
apparatus. In another section of the report the 
director states that about 150,000 workers were stood 
off in plants experiencing a shortage of steel. 


Irish Development 


Evect RICITY output will be more than doubled 
under a five-year £22 million development pro- 
gramme announced by Ireland’s Electricity Supply 
Board. By 1957, more than 371 MW, which is some 
120 MW more than the total capacity at the moment, 
will have been installed for an overall output in- 
crease of 248 per cent., 33 per cent. of which will 
come from the peat-fire generating stations. The new 
generating stations will include three peat-fired, two 
hydro, one oil-fired, and two fired by coal or oil. 
When this programme is completed more than 75 
per cent. of the water power in the country will have 
been harnessed. 


Power for Dacca 


SoME progress has been made towards the im- 
plementation of the East Pakistan Government scheme 
for the supply of electricity to Dacca. A proposal for 
reconstructing the Electricity Supply Company, run by 
an Indian concern, has been discussed. Meanwhile 
considerable progress has been made in connection 
with the damming of the Karnafuli River at the sites 
selected for the plant. 


New Zealand Scheme 


THE first steps in a long-term hydro-electric power 
scheme to feed the grid system of South Island, New 
Zealand, are expected to be taken in the near future 
by the invitation of tenders, on a world-wide basis, 
for the construction of a five-mile tunnel connecting 
Lake Rotoroa with the Tutaki Valley. It is known 
as the Braeburn scheme. The whole project is ex- 
pected to take about twenty years te complete and 
involves the linking up of two lakes, Lake Rotoroa 
and Lake Rotoiti, and a number of rivers in the area, 
by three long-distance tunnels and possibly four 
separate power stations. Initial capacity will be about 
60,000 kW but this figure may eventually be doubled. 
Development plans include the building of an earth 
dam across the Wairau River to divert it into the 
nearby Lake Rotoiti, which is almost the same level. 
From Rotoiti a five-mile tunnel is to be driven 
through the hills to link up with Lake Rotoroa, which 
lies six hundred feet lower to the West, giving a good 
head of water for driving the turbines to be sited 
there. From Rotoroa the water will flow through a 
further tunnel, which will connect with the Tutaki 
valley where the initial power stations will be built. 
The final stage will involve the driving of a third 
large tunnel from the Tutaki valley to Longburn, 
utilising a further fall of about 500 ft. Work on the 
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first tunnel is expected to be expedited by the con- 
struction of an adit about half-way between the two 
entrances. The North Island grid system already 
covers a fairly extensive area, one of the large con- 
tributors being the Araouni plant which provides 
approximately 157,000 kW capacity. 


Scheme for Fiji Islands Dropped 


THE plan of constructing a power station on the 
Navua River to supply electricity to Suva and 
Southern Viti Levu had to be given up following the 
submission of the technicians’ report on the cost of 
the scheme. The dam and generating plant of a capa- 
city of 12,000 kW’ would have cost about £5,000,000, 
plus the cost of transmission and distribution, and 
the annual charges were estimated at £290,000 with 
no possibility of revenue for at least 10 years. The 
Colonial Development Corporation had taken an 
interest in the project and were prepared to pay a 
substantial part of the cost, but they have now agreed 
with the Fiji Government to drop the whole scheme. 


Difficulties in Portugal 


THE Vila Nova scheme, about 60 miles north-east 
of Oporto in Portugal, is one of the major hydro- 
electric developments which were begun as a result 
of the Portuguese Government’s decision, in 1945, to 
embark on an important programme of hydro-electric 
exploitation. Plant was ordered from Great Britain, 
and the station, when completed, will be equipped 
with four 39,000 h.p. Pelton wheels. The first unit was 
put in commission in June, 1951, and it was hoped 
that the first stage of the scheme, comprising three of 
the four generators, would be completed this year. 
We now learn that economic difficulties have made 
it necessary to suspend work on the completion of 
the station, and it may be that the initial plan will 
have to be revised. 


Sandynalla Reservoir Scheme, India 


Yer another hydro-electric development on the 
Nilgiris is proposed for investigation and it is prob- 
able that construction may be taken up after the 
Pykara extensions and the Moyar scheme are com- 
pleted. This will be the Sandynalla reservoir scheme 
which will constitute the final stage of the Pykara 
development. When adopted the watershed of the 
entire northern slopes of the Nilgiris will be tapped 
for the generation of power, thus making one of the 
largest hydro-electric undertakings in India. 

The scheme contemplates the construction of a 
dam about five miles below the Ootacamund-Mysore 
road on the perennial Sandynalla stream—the scene 
of many point-to-point meets of the Ootacamund 
hounds. From this storage the waters will be led 
through a tunnel about a mile long and discharged 
to the new Pykara dam, now under construction, and 
thence to the Glen Morgan forebay. The extra water 
available will be led from the present Glen Morgan 
forebay by an entirely different set of pipelines, to the 
east of the present Pykara penstock, to the power 
house at Singara and utilised for power development 
either by the addition of more units or to supplement 
the three present storage reservoirs during summer 
months, when there is acute power shortage. 
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Fig. 1. A view of the Olide station at Trollhattan (1910) from the tailrace 


Trollhattan 


We give an account of one of Europe’s most interesting hydro- 
electric installations, where exact regulation of the flow of the 
G6ta river is carried out through the medium of two adjacent 
power plants, one built in 1910 and the other in recent years. 


F it were necessary to find a single site for the 

purpose of instructing students in hydro-electric 

practice in its broadest sense, there is little doubt 
that Trollhattan would be high among the list of pos- 
sible choices. The necessity for very close regulation 
of the outflow from the Vaner lake, and the fact that 
hydraulic, mechanical and electrical engineering 
equipments put into service in 1910 are still as efficient 
and serviceable as ever, while alongside them is situ- 
ated an underground power station in which the most 
modern main and auxiliary plant is installed, are 
among the reasons why this site is of special technical 
interest. 

The water of the largest of the inland lakes in 
Sweden, the Viner lake, situated near the west coast 
north of Gothenburg, flows to the sea through the 
Géta river, some 90 km. in length, the mouth of the 
river being near the Port of Gothenburg itself. Three 
falls exist, these being at Vargén (4-5 m.), Trollhattan 
(32 m.) and Lillaedet (6-5 m.), thus accounting almost 
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entirely for the total drop between the waters of the 
lake and the sea level. 

The large area of the Viner lake means that a great 
body of water is theoretically available for the pur- 
pose of regulating the flow of water from the lake for 
the benefit not only of power supply from the stations 
situated at the falls, but also for navigational pur- 
poses, since the river is widely used by ships, the falls 
being bypassed by locks. 

The largest power plant on the G6ta river is at 
Trollhattan, and the two stations there form an extra- 
ordinarily interesting contrast between hydro-electric 
engineering in 1910 and that of recent times. The con- 
tinuance in the state of unabated efficiency of the first 
station, known as the Olide power plant, is also a 
practical proof of the statement frequently made that 
hydro-electric plants are not subject to the obso- 
lescence which renders steam power stations relatively 
inefficient after a period of 20 to 25 years. The original 
plant is still in perfect order and is used every day. 
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The total capacity of the two stations is some 220 
MW, at the greatest amount of water which the Water 
Control Authorities allow to pass from the lake into 
the sea. 

The rivers feeding lake Vaner bring into the lake 
a large amount of additional water at the time of the 
melting of the snow in more northerly parts. But 
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Fig. 2. Yearly characteristics of the Géta river com- 
pared with a North-Swedish river (Lule dlv) and a 
South-Swedish river (Atran) 


Fig. 3. Diagram of the 
falls on the Géta river 
50} between lake Védner 
VARGON and the sea at Gothen- 
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the very large surface of the lake means that the 
rate of evaporation of the water is naturally greater 
than it would be if the sum total of the water entering 
from the feeding rivers at the northern end were to 
flow directly into the Gdta river at the southern shore 
of the lake. Indeed, it has been calculated that the 
rate of evaporation from the Vaner lake at times 
reaches the same level as that of the incoming water 
supply. 

The northern Swedish rivers are characterised by 
a high water level in the summer and low water 
level in the winter, since the unlimited rainfall during 
the winter months is stored in the form of snow, and 
released in the spring and early summer. 

In the south of Sweden the rivers have a high 
water level during the winter and a low level during 
summer months. The catchment drainage area of the 
G6ta river extends into Norway, and the northern 
part of this basin has a North-Swedish character, 
while other rivers feeding into more southerly parts 
of the lake have a South-Swedish character. The 
result of the mixed inflow of characteristics is that, 
in general, the outflow is relatively much more even 
than that of almost any other river in Sweden, 


Fig. 4. The interior of the Hojum station, showing the 50 MW units in the underground machine hall 
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circumstances, salt seawater ad- 
vances up the river to such an 
extent that it causes difficulties, 
particularly in connection with 
municipal waterworks and other 
consumers of water with Gothen- 
burg itself. Careful investigations 
have shown that the presence of 
salt water, at any particular point 
in the river, is closely associated 
with the rate of flow of water 
from lake Vaner. Thus, to some 
extent at any rate, the Control 
Authorities can control the per- 
colation of salt water up the river 
by regulation of the water flow, 
and by diverting part of another 
river, the Nordre, so that its waters 
flow into that branch of the Gota 
which flows through Gothenburg 
itself. 

The history of the power 
stations at Trollhattan commences 


Fig. 6. One of the two A.S.E.A. generator rotors in the Hojum station in 1905, when the National 
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rock and at first has a cross sec- 
tion of 250 sq. m., and later sup- 
plies two unequally dimensioned 
branches. The larger of the two 
can be closed by a stoney gate. 
Both channels end in a settling 
reservoir immediately above the 
power station from which the 
water is taken to the 13 turbines 
now installed, through pipes laid 
in tunnels blasted from the solid 
rock. 

The first four turbines were 
installed in 1910, and each had a 
capacity of 9,250 kW, running at 
187.5 r.p.m. under a head of 32 m. 
Two of these were manufactured 
by Nydquist and Holm A.B., and 
two by Karlstads Mekaniska 
Verkstad A.B. 


The station was increased in 
capacity in 1912, with four further 
turbines of similar capacity, three 
of which were ordered from 
Nydquist and Holm and one from 
Karlstads. The third stage, in 
1917, comprised the addition of 
three Nydquist and two Karlstad 
machines, again of similar size. 
In later years three of the Karl- 
stad and six of the Nydquist 
machines have been rebuilt, result- 
ing in an increase in their capacity 
from 9,250 kW to 12,700 kW. 

The station presents a remark- 
ably interesting appearance. The 
thirteen sets, which appear to be 
in perfect condition, comprise two 
in which both 25 cycle and 50 
cycle generation is carried out at 

Fig. 7. The crane lowering one of the 50 MW A.S.E.A. rotors into once, by employing two alterna- 
position in the Hojum station tors in tandem on theturbine shaft. 





Assembly decided that a body 
known as the Administration of 
the Canal and Water Works at 
Trollhattan should be entrusted 
with the exploitation of the Troll- 
haittan Falls. The Government 
itself undertook financial respon- 
sibility, in view of the large capital 
expenditure needed. Moreover, 
the control of the flow of the river 
was sO important a matter that 
it was felt that it should be under 
direct State control. 

The construction of the Olide 
power station was commenced in 
1907, and was planned for an 
output of 70 MW. It is situated 
at the foot of the falls on the east 
bank of the river. The dam is 
situated at the highest point of the 
falls and consists of two main 
sections and six smaller sluice 
gates. The supply canal to the hs j 
power station is blasted from the Fig. 8. One of the rock passages for cables and auxiliary equipment 
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The writer saw one of the machines stripped down 
for conversion to 50 cycle generation. The state of 
the insulation and of the mechanical parts, as far as 
superficial examination could disclose, was as perfect 
in 1952 as in 1910, and it was hoped that very many 
more years of useful life would be obtained from the 
same machines. 

The turbine shafts are horizontal and each machine 
comprises two runners. It is possible to descend into 
the space in between the two runners to check the 
lubrication of the bearings. The writer noticed that 


on descending into this space there was a complete 
absence of any vibration whatsoever and a remark- 
ably low noise level. 

The total volume of water dealt with through this 
station is 21,300 cu. ft. of water per second. 

The second power station at Trollhattan is situated 
almost in the centre of the town, and its architec- 
tural features, like those of the early station, are 
chosen to fit in most harmoniously with the awe- 
inspiring gorge which forms the centre point of the 
scenic beauties of this part of Sweden. 

The Hojum station, as it is 
known, was designed not only 
to increase electrical power 
output from the G6éta river 
but also to assist still further 
in the regulation of the flow 
of water from lake Vaner. 
The station, which was com- 
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menced in 1939 and put into 











full commission in 1942, re- 














ceives its water through a 
headrace which was partially 
completed in 1937, to assist 








in the provision of the water 























to the Olide station. The 
water then reaches an intake 
house where two very large 
sector gates are provided, and 
from there it flows through 
short steel tubes to the spiral 
casings of the two 50 MW 
Kaplan turbines. These 
machines, one of which was 
made by Karlstads Mekan- 
iska Verkstad A.B. and the 
other by Nydquist and Holm 
A.B., are among the largest 























in Europe. They operate 
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Fig. 10. The lower bearing on 
one of the Hojum generators 





Fig. 9. A sectional view of one of the 50 MW generating 


units at Hojum 
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Fig. 11. The Hojum tailrace, showing the two openings in the rock, which can be 


blocked for maintenance purposes by means of a floating concrete “ ship”’ 


under a normal head of 31 m. at a speed of 163-3 
r.p.m. The maximum water flow through each tur- 
bine is 175 cu. m. per second. 

The extremely impressive turbine house has been 
hewn from the solid rock, and sufficient space has 
been allowed for a third unit to be installed in the 
future. A pleasant decorative effect has been achieved 
by the lighting and tiling of the turbine room, with 
the greatest possible “streamlining” of the control 
equipment and all ancillary gear. Only the top bear- 
ing of the turbines protrudes from the floor. A crane 
permits of the rotors being removed for inspection 
purposes, and steel plates are let into the floor in 
carefully arranged positions, so that the rotors can 
be positioned exactly where required for maintenance 
purposes, once they are lifted out by the crane. 

The water passes from the draught tube to the tail- 
race, and so into the river at the foot of the falls, 
through two openings in the rock. An interesting point 
is that for maintenance purposes either of these open- 
ings may be closed by wedging between the prepared 
concrete piers a floating concrete “ship” of a wedge- 
Shape design, which is kept available on the bank 
nearby, and can be towed into position in either of 
the openings. 

The Karlstad turbine has five blades, and that made 
by Nydquist is equipped with six. Both machines 
have stainless-steel blades, to reduce the risk of damage 
due to cavitation. The governor is driven by a syn- 
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chronous motor supplied with current from a governor 
alternator mounted on the shaft of the unit and 
equipped with a permanent-magnet excitation, so that 
auxiliary supply failure cannot cause the main sets 
to be deprived of governing power. 

The alternators, which like those at the older 
station at Olide are made by A.S.E.A., are of 52,000 
kVA capacity, although they may be safely operated 
at 1} full load without undue temperature rise. Each 
alternator is directly connected to a step-up trans- 
former, raising the voltage from the generated figure 
of 11,300 V to 132 kV. 

The alternator shaft has two bearings, one at the 
top of the upper guide bracket and the other below 
a combined guide and thrust bracket. A Kingsbury- 
type bearing is used for the upper position, lubricated 
by a directly driven oil pump, with a d.c. driven pump 
as spare. The thrust bearing is of the segmented type. 
The weight of the rotating parts and the pressure of 
the water on the turbine vanes together amount to 
the maximum figure of 1,200 tons. The heat losses 
in the thrust bearing are carried away by water coolers 
to which oil is pumped by a centrifugal pump en- 
closed in the bearing itself. 

A completely enclosed cooling system is provided 
for each alternator. The air driven by fan blades on 
the rotor passes the poles and through the stator, then 
goes to eight water coolers and back into the circuit. 

(Continued on page 387) 
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Book Reviews 





Handbuch des Wasserbaues. By Armin Schoklitsch. 
Two Volumes. Published by Springer Verlag, M6l- 
kerbastei 5, Vienna—1, Austria. 1072 pp. 2049 ff. 
Vol. I 1950, and Vol. II 1952. Price in Great Britain 
£13 4s. 6d. 

After an interval of 20 years a second edition has 
now been published of this classic work on civil- 
engineering hydraulics which has established itself as 
a standard textbook both in Austria and in the 
Argentine, where the author has been lecturing on 
hydraulics at the National University of Tucuman. 

Very few changes have been made in this second 
edition, the text being revised only slightly in order 
to bring it more up to date. The first volume is de- 
voted mainly to the flow of water and deals with 
rivers, water supply, and sewerage. The initial chapter 
on meteorology gives a summary of useful data on 
climatic conditions, thermal properties of materials, 
and on the formation and effects of ice on rivers. 
Typical values of precipitation and evaporation are 
followed by a discussion of percolation and run-off. 
The measurement of river levels and their use to esti- 
mate river flow includes some new formulae for dif- 
ferent types of cross-section and for the maximum 
and minimum flow to be expected. The chapter on 
friction losses now provides information on the effect 
of bed load, on friction in partly filled pipes, and on 
losses in fittings. The measurement of flow is dealt 
with in detail, followed by a chapter on backwater 
curves and the flow between bridge piers. The flow 
over weirs includes some new sections on submerged 
weirs and “glory hole” spillways and a much more 
extensive review of side weirs, followed by a brief 
mathematical treatment of transient flow in channels 
and pipes. The section dealing with bed load has 
been very much expanded to include recent research 
results; it covers among other subjects, degradation, 
bed-load equilibrium, suspensions, and the silting-up 
of reservoirs. A short section on rivers in general is 
followed by the standard treatment on ground water 
and wells, and a discussion on the fluidisation of soil 
particles, but the chapters on soil mechanics and 
construction materials which were included in the 
first edition have been left out and are to be published 
as a separate book. 

The chapter devoted to water supply opens with 
some statistics on water consumption and a few notes 
on biological and chemical tests, followed by a de- 
tailed description of filtration and preparation plants, 
wells, and river intakes. Various types of water reser- 
voirs and their application are described and a section 
on pumps leads to the design of pipe systems and a 
description of pipes and fittings. 

Sewerage includes further details on run-off in 
towns and descriptions of several cleaning and dis- 
posal plants. There is an extensive list of fittings and 
sewer sections, and the method for designing sewer 
systems is outlined. 

The second volume opens with a long chapter on 
dams and weirs. Earth-fill dams with or without 
special cut-off devices are illustrated by numerous 
figures and the bibliography has been extended to 
cover recent structures. The section on gravity dams 
has been completely rewritten and includes the detail 
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design of a simple dam; several types of single and 
multiple-arch dams are illustrated. Methods of deal- 
ing with seepage through rock and dam materials 
are discussed, and various types of expansion joints 
are described. The book includes examples of many 
different types of intakes and spillways, followed by 
some cases showing the effects of dam failure. An 
exhaustive survey of weirs and gates, from the 
mechanical-engineering point of view, includes a de- 
tailed treatment of syphons illustrated by model-test 
results. The best shape of the lower edge of a lift- 
ing gate is discussed and various methods of sealing 
gates are described. This is followed by numerous 
illustrations of lifting gates and their operating 
mechanisms, drum gates, tainter gates, and other 
types. Various methods of preventing erosion down- 
stream of a gate are outlined and the construction of 
piers and other parts described in detail. The chapter 
closes with a survey of channel intakes illustrated by 
model test results. 

Hydro-electric power stations are dealt with mainly 
from the hydraulic point of view, although there are 
references to power demand, economic operation, and 
daily load variations. There is a detailed survey of 
flumes, penstocks of steel, concrete and wood, includ- 
ing strength calculations, as well as special structures 
such as manifolds and pipe bridges, followed by a 
large selection of gate valves. Different types of surge 
tanks are treated theoretically but the extensive bib- 
liography on this subject is rather old. A description 
of forebays and screens leads to a discussion on the 
passage of fishes through turbines. The chapter 
on sand traps has been revised and that on energy 
dissipation considerably extended, giving several new 
methods and revised opinions on old ones. Turbines 
are treated rather briefly, attention being directed 
mainly to the estimation of their size and weight and 
their general arrangement within the station; Fischer’s 
pipe turbines are mentioned briefly. Draught tubes are 
dealt with more fully, together with cavitation and its 
prevention, and there is a short descriptive section on 
governors. A brief outline of pumped-storage schemes, 
automatic stations, and underground plant concludes 
the chapter. 

The two final parts deal with drainage, irrigation, 
and river engineering. The protection of river banks 
is illustrated and various methods of controlling and 
correcting mountain streams and rivers are outlined. 
The section on inland navigation includes details on 
locks and ship lifts, and concludes with a reference 
to the transport of logs on rivers. 

A book of this type, dealing with such a wide sub- 
ject, fulfils a definite need as a source of information 
and inspiration. It is only to be expected that it must 
restrict itself largely to a descriptive treatment and 
to an elementary mathematical analysis of certain 
simple cases, omitting a detailed discussion of re- 
search results. It is therefore all the more regrettable 
that the references quoted by the author cover mainly 
German and Austrian sources, many of them over 20 
years old, while the number of recent structures illus- 
trated is very small indeed. In particular, little re- 
ference is made to current developments in the U.S.A. 
or in France, for example, although a few illustrations 
of a water-supply scheme in the Argentine have been 
included. Despite these shortcomings, the book is 
certain to be of considerable value to all engineers 
who have the necessary command of German. 


1952 


WATER POWER _ October 














Civil and Mechanical-Engineering 
Aspects of Hydro-Power Development—I 


The first of four post-graduate lectures given by P. W. Seewer, 

Consulting Engineer to the English Electric Co. Ltd., to the Hydro- 

Power Course at the Imperial College of Science and Technology, 
City and Guilds College, South Kensington, London. 


T is my task to put before you a brief survey of 
[the scope and importance of water power all over 

the world and to expound the development which 
this important branch of engineering has taken up to 
the present time. I shall also remark on the possibili- 
ties in the future for further expansion which hydro- 
electric power offers to keen, young and not-so-young 
men, in its various branches, and the possibilities it 
offers for their initiative and intelligence. 


Extent of Water Power 

For the amount of power available, numerous and 
systematic surveys, both from official and private 
scientific sources, are available, and while they differ 
in their final conclusions for reasons which I will 
explain shortly, they show conclusively that the total 
water-power resources at the disposal of man are 
immense. 

Some fifteen years ago, as closely as existing 
statistics and surveys then permitted, the total avail- 
abie hydro-electric energy was computed to be slightly 
in excess of 700 million h.p. The 1948 statistics put 
before the World Power Conference increased this 
figure to 1,100 million h.p. This was established by 
careful consideration of the “Faculty of Develop- 
ment ”’—that is, every power site in every part of 
the world, in order to be included, had to present 


conditions of gradient and flow, and physical, 
geographical and economic factors, which made it 
reasonable that power could, and would, be developed 
and used from it in the near future, say in the next 
50 years. 

Now the conception of the feasibility of a scheme 
differs from country to country, and a great number 
of sites, under the heading of “Faculty of Develop- 
ment,” were considered either completely inaccessible 
or far too remote from present sufficiently populated 
and civilised centres to be included in the statistics. 

At the 1950 World Power Conference, Dr. Sleb- 
inger presented a new survey (Fig. 1) wherein he 
ignored the “Faculty of Development,” which he 
considers a problem in a class by itself and which 
must be separately investigated and solved in every 
given case and in every country. He then presented 
a survey of all the existing water-power resources all 
over the world by taking the average mean flow of all 
streams and the gross head of each from the source 
to its lowest stream level. He thus arrived at the result 
that the total potential water-power resources all over 
the globe amount to 5,609 million kW = 7,600 million 


This grand total, of course, is theoretical and 
involves in every country and in every case a careful 


consideration of the technical progress and the 
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Fig. 1. Survey of world water-power potentialities presented by Dr. Slebinger to the 1950 World Power Conference 
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geological, physical, economic, strategic and many 
other factors, such as flood control and irrigation and 
navigation requirements, to mention but a few. 

However, this computation has the merit of loca- 
ting the important water-power resources in all parts 
of the world, and can serve as a guide for future 
development of these immense sources of energy. It 
forms also an interesting indication in which parts 
of the globe power in immense quantities is concen- 
trated, and which could be utilised to counter the 
possible future exhaustion of other power resources 
such as coal, oil and natural gas. 

In this connection, the total capacity of all hydro- 
electric plants in the U.S.A. was computed to amount 
to 22-5 million h.p., which is equal to 24 per cent. of 
the total capacity of all prime movers. As a further 
illustration of the great importance of water power 
in the economic and industrial development of a 
country, I would particularly mention Canada, which 
has developed over these last 50 years water power 
to the extent of 12 million h.p., which is about 20 per 
cent. of the total available hydro-electric power 
resources in that country (Fig. 2). This abundance of 
low-cost power, combined with its many resources in 
field, forest and mine, has enabled Canada with less 
than 1 per cent. of the world population, to achieve 
the position of third greatest trading nation. 

The most important factors were the general, indus- 
trial, municipal, domestic and agricultural demands, 
and up to the present about 2,000 million dollars 
have been invested there in these schemes. It covers, 
of course, light and power demands, and includes 
many conveniences and labour-saving devices that 
have vastly improved the living conditions in that 
country. 


An interesting and unique characteristic of water 
power is that it is non-exhausting and non-wasting, 
being renewed each year by precipitation in cycles 
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Fig. 2. Growth of water-power development in Canada 
since 1900 


Fig. 3. Loch Sloy station containing four English Electric high-pressure reaction-type 45,500-50,000 b.h-p. 
turbines and generators operating at 428 r.p.m. under a head of 700-900 ft. 
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Fig. 4. The Castelo do Bode plant containing three 73,000 b.h.p. sets 
operating under a head of 315 ft. This station was equipped by the 
British Group English Electric Co. Ltd. and Metropolitan-Vickers 
Electrical Co. Ltd. The photograph shows the overflow and cylindrical 


balanced discharge regulator in action 


which, while not entirely regular, are sufficiently so 
that they can be computed and regulated to yield 


reliable continuous output by systematic water 
storage and judicious interconnection of the various 
power plants. 

This survey of available water power contains no 
contribution whatever from tidal power plants, the 
feasibility of which is undoubted, and the potentiali- 
ties of which will become of considerable importance 
in the future. 


Basic Elements of a Scheme 

The capacity of a river depends in the first place 
on the quantity of water carried and on the difference 
in altitude of the water surfaces between two points 
of a stream, which difference is called the “ head,” or 
“water head.” Any hydro-electric scheme must, 
therefore, be adapted to the meteorological and topo- 
graphical conditions which prevail on any particular 
site, and which are different in every case—a feature 
which renders hydro-dynamics so fascinating. The 
inevitable variations in quantity and head must be 
equalised by adequate technical measures, consisting 
of dams and reservoirs, and of course, the choice of 
the most adequate type of machinery. The various 
topographical conditions necessitate, apart from dams 
and reservoirs and the provision of intake works, 
tunnels, surge tanks, pipelines, access roads, power 
houses and tailrace canals. 

Every scheme usually involves important capital 
expenditure and presents a great number of difficult 
problems which must be solved thoroughly to ensure 
a continuous, uninterrupted service under the most 
1952 
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favourable economic conditions. 

We possess here in England a 
comprehensive organisation for 
the development of hydro-electric 
schemes, from their promotion 
through design and manufac- 
turing stages to operation and 
maintenance, which can be relied 
upon to give efficient advice and 
help on all subjects which arise 
under the headings of hydro- 
dynamics, electro-technics or civil 
engineering. 


Classification of Schemes 

Schemes can roughly be classi- 

fied as high-pressure, medium- 
pressure and low-pressure ones. 
Plants operating with about 800 
ft. up to close to 6,000 ft. head 
are called high-pressure schemes, 
wherein impulse turbines (Pelton 
wheels) are mostly used. Those 
utilising 150 ft. up to about 700 ft. 
are called medium-pressure ones, 
wherein reaction turbines are 
mostly used. Those making use 
of heads of up to about 100 ft. 
and less are classified as low- 
pressure and very low-pressure 
schemes wherein turbines of the 
reaction, propeller or feathering 
propeller (Kaplan) types are made 
use of. 
. This classification is by no means 
a rigid one, as continued and sustained research in 
laboratories and in the field constantly produces new 
ways in respect to the type of turbine which it is 
possible to adopt in any new scheme in order to 
produce power in the safest, most efficient, economic 
conditions. 

In the high-pressure-field, up to a few years ago, the 
Pelton or impulse-wheel type of turbine was almost 
exclusively used. It is composed of one or several jets 
impinging on runner wheels coupled to the generator 
shafts. This high-pressure field has been invaded, due 
to research, by the high-pressure reaction turbine, 
either of the horizontal or vertical type, up to about 
1,000 to 1,200 ft. pressure. The elaboration of judi- 
cious designs and the use of appropriate materials, 
the latter mostly of the high-tensile and stainless- 
steel variety, thus permitted the adoption of much 
higher speeds for both turbines and generators than 
would have been possible some years ago with wheels 
of the impulse type. The result is the achievement of 
satisfactory efficiencies with much smaller and lighter 
machinery and more compact plant. 

Loch Sloy is a typical example of high-pressure 
plant, equipped with four vertical-shaft high-pressure 
reaction type turbines, each of 45,500 to 50,000 b.h.p. 
output, operating at 428 r.p.m. under a pressure 
varying from 900 ft. down to 700 ft. (Fig. 3). 

The Castelo Do Bode plant is a typical example 
of plant for 315 ft. pressure, containing three sets of 
73,000 h.p. each. It is of the vertical-shaft reaction 
type aid the various important features connected 
with this development will be of interest, such as the 
deviation tunnel and intake works, the dam, and last 
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but not least, the cylindrical balanced diffusing dis- 
charge regulator, as well as runner wheel and casing 
(Fig. 4). 

The next plant, Pollaphuca, is fitted with runner 
wheels of the feathering-propeller type (Kaplan), and 
operates under a maximum head of 165 ft. at 300 
r.p.m., the highest head ever used for a feathering- 
propeller plant at that time (1945) (Fig. 5). 

I would also mention a plant on the Rhine in Swit- 
zerland containing four sets of 42,500 h.p. each, of the 
feathering-propeller type operating at 75 r.p.m. The 
pressure is obtained by bridging the Rhine over its 
whole width, thus obtaining a level difference of from 
30-40 ft. between the upstream and downstream ends 
of the station. The banking up of the water is natur- 
ally felt many miles upstream and necessitated road 
deviations, floodings and protective work of con- 
siderable magnitude. 

I have still to add a word on the extent of water- 
power resources in the British Empire. According to 
recent statistics it is upwards of 142 million h.p.; this 
figure is a conservative estimate (see Table 1). 

In hydro-accumulation schemes energy is stored by 
pumping water up the hill into an appropriately sized 
reservoir or lake, by means of cheap night “ juice,” 
and this water is then utilised to cover peak loads, as 
it is in many cases one of the cheapest methods of 
covering the daily or seasonal high power peaks. 

The cost price per unit (kilowatt-hour) varies from 
schemes to scheme. For peak-load plants it fluctuates 


round about a farthing per unit, but for numerous 
others the cost price per unit is appreciably lower. So 
much depends on the local setting and conditions. 


TABLE I. WATER POWER RESOURCES IN THE BRITISH EMPIRE 
AND COMMONWEALTH 
PRELIMINARY SURVEY 
(Exclusive of all tidal power) 


Country 
Great Britain and Ireland . 
Canada ae 
Newfoundland 
Honduras 
West Indies 
British Guiana 
Gold Coast 
Sierra Leone ... gaa 
Union of South Africa 
South West Africa 
Nigeria 5 
Rhodesia 
Tanganyika ' “i: 
British East Africa ... 
British Central Africa 
Bechuanaland 
Egypt 
India 
Ceylon a 
Malaya and Siam 
Australia 
New Zealand 
Tasmania ae “ ee om 
Borneo, New Guinea and Papua ... 


H.P. Potential 

2,200,000 
39,833,000 
1,800,000 
1,500,000 
300,000 
2,500,600 
1,600,000 


1,750,000 
7,500,000 


. 142,733,000 


Fig. 5. An aerial view of the Pollaphuca station containing two 15,000 kW feathering-propeller type turbines 
operating under a maximum head of 165 ft. at 300 r.p.m. 
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Fig. 8. An aerial view of the river weir and canal intake 


Hydro Plant Maintenance 


This article, which is based on a paper read by the author before the Institu- 

tion of Electrical Engineers in Dublin, describes the work done during a 

major overhaul of Ardnacrusha hydro-electric generating station, first com- 

missioned in 1929, and the routine developed to afford maximum reliability 
during a period of acute plant shortage. 


By P. BYRNE, B.E., B.Sc. 


PART TWO 


HE previous article concluded with an account of 

the procedure followed in assessing the perform- 

ance of thrust bearings. A somewhat similar 
method to that described for measuring hydraulic 
thrusts on turbines is given in WATER PowER, March 
1951, p. 118 (extracted from La Houille Blanche Vol. 
5, No. 3, p. 326). This method, initiated by Basacci 
and Jarriand, employs a Father Cayere water-level for 
measuring the distortion in the bridge or girder carry- 
ing the thrust bearing and uses it as a dynamometer. 
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Governor Troubles 

Since the commissioning of the station, governing 
on two of the Francis machines had been unsatis- 
factory. After a number of years’ running part of the 
No. 3 machine trouble was traced to a two-to-one- 
ratio gearing interposed between the belt drive from 
the main shaft and the vertical drive shaft leading to 
the governor. The pedestal bearing underneath the 
latter shaft failed on several occasions owing to the 
fluctuating downward thrust of the gearing, which at 
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no time ran smoothly. Finally, the gearing itself failed 
and, due to the emergency, had to be replaced by a 
home-manufactured set. The increased unevenness of 
running caused by the new gears accentuated the 
governing trouble; it was found that the speed fluctua- 
tions were being transmitted to the governor, resulting 
in a constant oscillation of the gate-operating mech- 
anism. This caused excessive wear in all working 
parts. It was finally decided to remove the gearing 
and substitute a belt drive, the pulley taking the drive 
from the main shaft being reduced to half the diameter 
to give the required speed to the governor drive shaft. 
Calculations showed that belt contact area was still 
ample. This eradicated most of the trouble and after 
a complete overhaul of the pendulum pedestal the 
governor of this machine functioned correctly. 

As the No. 2 machine suffered from similar com- 
plaints, a like treatment was carried out, but in this 
case not all the trouble was eliminated. Tests showed 
that if the gate-operating mechanism received a 
sudden request from the governor to open, the action 
continued to the full open position, being checked by 
the limit stop. Only then would the gates return to 
the position corresponding to the governor setting. 
If connected to the system, this defect would involve 
the occasional involuntary grasping of full load by 
this machine. The discovery threw light on many of 
the unexplained cases of instability on the system, 
which had occurred while No. 2 machine was in com- 
mission. A detailed investigation during the overhaul 
of 1949 finally located the basis of the trouble to be 
incorrect drilling of an oil duct in the main distribu- 
tion valve, which allowed high-pressure oil to leak 
to such a position as to tend to cause gate opening. 
Plugging of the incorrectly drilled oil duct eradicated 
this fault. 


Departure from vertical of main generating units 

That even a slight lean from the perpendicular is 
incompatible with the smooth running of heavy ver- 
tical-axised machinery was demonstrated in the inci- 
dence of a once-per-revolution bump in the Kaplan 
unit. Surmises as to the cause being of little avail, it 
was decided to take the machine out of commission 
for complete dismantling. This was carried out in the 
summer of 1944. 

It was found that the guide bearings were no longer 
in alignment nor the thrust bearing level; in fact, the 
whole machine had taken a slant towards the tail- 
race. Small losses in alignment in this machine are 
counteracted by the fact that the thrust pads are each 
supported by a spherically ended foot resting centrally 
on a spring disc supported at its perimeter. As the 
limit of compensation of which this arrangement was 
capable had been passed by the list which the machine 
had taken, the thrust collar supplied the additional 
play necessary by working loose on the shaft. The 
bump was due to the prevention by the key (between 
shaft and collar) of this compensating movement at 
one point in each revolution. 

The guide bearings were brought into alignment by 
lateral movement, that is, they were centered verti- 
cally to the extent that this was practicable. Com- 
plete correction was not possible, particularly as the 
stator could not readily be moved and a compara- 
tively uniform air gap had to be maintained. The 
thrust bearings were levelled by placing bronze shims 
underneath the supporting legs. The thickness of 
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shims under the lowest leg was 1 mm. On assembly 
of the machine, it was found that the trouble had 
been eradicated and has not recurred during the last 
7 years of running. 


Efficiency check on the Kaplan turbine 

Before the Kaplan turbine was commissioned in 
1934, a complete efficiency test was carried out, eight 
current meters being used to take readings in eighty 
different positions of the penstock for each water 
quantity. These tests proved that maximum attain- 
able efficiency was being obtained at all loads. As the 
Kaplan machine was being used almost exclusively 
for partial loads, it was important for water economy 
reasons during the emergency to ensure that this 
efficiency was being maintained. We were not able to 
obtain suitable current meters te repeat the original 
tests, but we devised a method by which we could 
check if the blade angle at different loads gave the 
best efficiency. 

This method made use of the fact that the total 
head lost between the headrace and turbine varies 
approximately as the square of the water quantity 
taken by the turbine. As the friction-head variations 
to be measured were comparatively small, an accurate 
type of gauge was necessary. A water gauge was 
selected as being best suited for the purpose. In the 
control room we already had a water gauge which 
was connected by pipeline directly to the headrace, 
thus giving the true level and so acting as a check on 
our recording gauge. As the pipeline supplying this 
gauge passed close to the penstock of the Kaplan 
turbine, it was a comparatively simple matter to take 
a tapping from it by hose and make a connection to 
a point at the bottom of the pensiock to which, 
normally, a commercial gauge is fitted. We were thus 
enabled to read, for any given water quantity, the 
level of the headrace and also the head at the bottom 
of the penstock, and by subtraction, calculate the total 
head lost between the two points. This total head 

V? V? Vy? 

may be expressed as — + C—-; the first part — 

2¢ 2g 2g 

indicates the head necessary to impart velocity V to 
V? 


the water, and the second part C— is a measure of 


the total friction head including that lost in the trash 
rack, sluice-gate entry and penstock, C being a com- 
prehensive coefficient embracing the losses at all these 
points. 

It is clear, therefore, that the difference in head 
between intake and bottom of penstock, as read on 
the water gauge, gave a comparative measure of the 
water velocity in the penstock. This was sufficient for 
our purpose. 

The turbine was run at a fixed load and the relation 
between the blade angle and gate opening varied until 
the water quantity was a minimum. The readings 
were then noted. The same procedure was repeated 
at other loads ranging from zero to full. Approaching 
full load, it was found that the attainment of best 
efficiency was made only at the expense of stable 
working of the governor. A compromise had, there- 
fore, to be made between these two considerations. 
On conclusion of the tests, it was possible to construct 
a new cam to hold the optimum relation between blade 
angle and gate opening. This optimum relation only 
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holds good for the particular head prevailing at time 
of test, but, as this was an average head for general 
running, nothing better of a practical nature could be 
accomplished. 


Life of Plant and Structures 

“A machine, a piece of equipment, or a structure 
has completed its useful life when annual maintenance 
and repairs become so high that, when considered in 
relation to the economies obtainable in a new up-to- 
date machine or structure, replacement is justified.” 
This definition of an American writer is as good as 
many that have been formulated. It is clear that for 
accounting purposes an estimate, based on past ex- 
perience, must be made for the life of plant and 
structures of a hydro-electrical development. Table 
VIII is an accountancy list of the assets of the 
Shannon development. The estimation of average life- 
time in this table was based on general experience 
available at the time that the Shannon development 
was commissioned, i.e., 1929. Since then, due to im- 
provements in design and manufacturing methods, 
there is a tendency in some countries to increase the 
life estimate of the mechanical and electrical items. 
The estimate for structural items has also been sub- 
jected to critical analysis with a leaning in the opposite 
direction. In view of this natural trend to review 
present conceptions of life expectancies, it may be of 
value to recount some actual experiences in Ardna- 
crusha station, which is now in its twenty-second year 
of service. 


TABLE VIII. ACCOUNTANCY LIFE OF ASSETS OF THE SHANNON 
DEVELOPMENT WITH PRESENT CAPITAL COST 





Present 
Capital 
Cost 
£ 


Average 
Lifetime 
Years 


Unlimited 
7 


Classification 





Land i be ae 
Structures: Concrete and masonry 
Structures: Other than concrete 
and masonry ... fare ata 
Structures: Dwelling houses, all 
types te We aan %. 
Protective pumps _ 
Turbines and generators 
Transformers (power)... ie 
Electric equipment: Other than 
generating plant and power 
transformers is “eh 
Canals, embankments, river bed, 
etc. Be 
Weirs, locks, 
roads, etc. 
Auxiliary equipment 


bridges, railways, 








Total £4,975,600 





Main Generating Units 

Since the time of commissioning, when Ardna- 
crusha was the only major generating station in opera- 
tion, the main generating units have received assiduous 
care and maintenance. This maintenance has de- 
veloped gradually from the elimination of “teething” 
troubles in the early days to counteracting the effects 
of wear and ageing and so, progressively, to improve- 
ment and modernisation in details of design and con- 
struction. By way of illustration, the following 


ES 
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Fig. 9. One of the generator rotors being moved to a parking position. The floor is specially strengthened, 
and a hole is provided to receive the shaft and coupling 
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examples may be taken as typical:— 

Shortly after commissioning, one of the alternator 
stators was damaged by a fan blade, which broke 
off due to excessive stress from centrifugal force 
and windage. On all machines, blades having a 
greater factor of safety were fitted. 

The cast-steel runners of the three Francis tur- 
bines were continuously attacked by cavitation. 
Successive welding treatments of the affected areas, 
using stainless-steel rods, have made the runners 
much more resistant to cavitational damage. 

The runner of No. 1 Francis turbine, which had 
given trouble, was replaced by one of sturdier 
design, resulting in increased output and improved 
efficiency. 

The blade glands of No. 4 turbine were replaced 
by glands of improved design. 

The cooling air system of the three older alter- 
nators was changed from open to totally enclosed 
circuit. The older system involved the use of air 
drawn from outside with the consequent risk of 
introducing moisture to the windings. 

The alternator cores of the three older machines 
were rebuilt as already mentioned. 

The governors of Nos. 2 and 3 turbines were 
improved in constructional detail. 

It is considered that, granting a continuance of the 
same standard of maintenance, the estimated life of 
the main generating units may be extended by 80 to 
100 per cent. 


Transformers 

The three 10 kV/110 kV transformers became the 
subject of examination in 1951, as increasing tempera- 
tures had been recorded over the years. It was not 
clear how much of this increase was due to augmented 
loading or how much to the effects of ageing. As it 
was not possible to take any of the transformers out 
of commission for inspection, a transformer, retired 
through obsolescence from another station, which was 
of the same age (22 years) and which had been subject 
to similar conditions, was opened and examined. 
There was no evidence of oil sludging, and apart from 
the fact that the insulating paper had lost some of its 
firmness and strength, the transformer appeared to be 
in good condition and to be serviceable for many 
years if left undisturbed. It is now in temporary com- 
mission in Tralee. 

To seek further a cause for the increased heating 
of the Ardnacrusha transformers they were subjected 
to a no-load test. The test, using instruments of 0-25 
per cent. accuracy, was made on the normal ratio 
11/112:3 kV with a voltage of 11 kV. The wave form 
of the supply was checked as being sinusoidal by 
cathode-ray oscilloscope. The results of the tests were 


TABLE IX. RESULTS OF TESTS ON MAIN TRANSFORMERS 





Transformer 





No.1 | No.2 





Magnetising current— 
SS ee ies 
phase S 
phase T 
Average increase since time 
of commissioning 9 
Iron loss 
Increase since 
commissioning 


35-8 | 
343 
42:5 


time 
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compared with those taken at the time of commission- 
ing with the result given in Table IX. 

The 110 kV winding of the No. 1 transformer was 
damaged by lightning in 1938. The disturbance of the 
iron laminations during the repair may account for 
some of the increased loss. 

A second test, with different frequencies, was 
carried out to determine the proportions of hysteresis 
and eddy-current loss, the former varying as the fre- 
quency and the latter as the square of the frequency. 
The results, which were somewhat indeterminate, 
showed that hysteresis loss was approximately 78 per 
cent. and eddy current 22 per cent. of the total. 

The iron losses of the two older 10/38 kV trans- 
formers were also checked but the increase on com- 
missioning value was not appreciable. It is thought 
that all the older transformers, including those used 
for extinguishing earth-fault arcs on the 110 kV and 
38 kV transmission systems, will outlive their esti- 
mated life by perhaps 50 per cent. 


Outdoor 110 kV Switchgear 

The outdoor 110 kV transmission station takes 
power from the three 10/110 kV transformers and 
transmits it to Dublin, Cork, Tralee and Carrick-on- 
Shannon. All plant and structures were credited with 
the same life expectancy (20 years); but although this 
estimate was considered reasonable or even optimistic 
for the items which would have most work to do 
such as the oil circuit breaker, and for the items most 
subject to attack by weathering such as the steel 
structures, it was thought conservative for the dis- 
connect links, which would have little work to do and 
which were largely composed of presumably long-life 
porcelain. The opposite proved to be the case. 

When the station had been scarcely eight years in 
commission, the first trouble was experienced with the 
post insulators on the 110 kV disconnect links, one 
of which cracked, without warning, into halves. Later, 
similar faults continued to occur at intervals, various 
reasons for the failures being advanced such as the 
following: — 

(a) The insulators were constructed in two parts, 

connected by bolted flanges of cast iron. As the 
failure often occurred directly above this flanged 
coupling, it was thought to be due to the com- 
pressive stresses created in the porcelain by the 
expansion, due to rusting, of the metal flange. 
Some manufacturers use non-ferrous metal in 
order to prevent such faults occurring. 
The conductors connected to the top of the por- 
celain, if not given sufficient sag, would subject 
the insulator to excessive strain during cold 
weather. 

While some of the faults may have been due to 
one or both of the above causes, others occurred 
which were inexplicable. They finally became so 
numerous as to constitute a serious risk to the operat- 
ing personnel, the disconnect links being of the 
manually operated type. 

It was decided to replace all these disconnect links 
by a more modern type, remotely controlled by com- 
pressed air. This work was completed in 1950 at a 
cost of £30,000. The original parts of the station now 
remaining are the steel framework and the oil circuit 
breakers, all the porcelain bushings of which have 
been replaced. These were the parts which, through- 
out the life of the station, demanded by far the greatest 
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care and attention for their maintenance. 


Panel and Remote Control Wiring 

Small wiring, generally, is calculated to last 20 
years. In a power station, where its reliability is of 
first importance, its conditions of service are often 
not favourable to long life, as it is located in oil-fume- 
laden atmospheres or excessively hot or moist places. 

In Ardnacrusha, the original wiring used for panel 
work, remote control and lighting circuits depended 
on rubber for insulation and moisture proofing. The 
wiring in oil-laden atmospheres, such as the turbine 
galieries, has already been replaced, that in damp 
places, such as the weir, is due for replacement, 
whereas wiring in good atmospheres is still in fair 
condition, although it has been necessary to abandon 
individual cables carrying voltage circuits in isolated 
cases. In general, the life estimate of 20 years is 
proving correct on average. 


Water Control Plant 
During the four years preceding 1951 it was found 
necessary to carry out extensive maintenance on the 
following items of water control plant:— 
River control gates at O’Briensbridge; 
Navigation lock gates at Ardnacrusha; 
Sluice gates at penstock entry at Ardnacrusha; 
Penstocks and spiral casings at Ardnacrusha. 
All the above plant was given a protective covering 
where necessary of bitumastic compound applied at 
300°C. The gates, in addition, had their timber seals 
and their steel lifting cables replaced where necessary. 
The trash racks in the intake building, which had 


Fig. 10. The rotor of No. 4 machine was placed on this cradle and 
steadied by a crane hook because the coupling was too large to go 
through the hole in the floor 
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deteriorated to such an extent that heavy timbers and 
other foreign bodies were being admitted to the tur- 
bine runners, were completely overhauled. They were 
lifted from their seating, repaired, painted and re- 
placed, a diver being employed for the removing and 
restoring operations. 

The above maintenance work on water control plant 
was costly in comparison to original capital value, 
particularly such items as the internal coating of the 
penstocks and the overhaul of the trash racks. As, 
however, they had not previously received attention 
for about 20 years, and as it is anticipated that the 
work will go a long way towards adding a further 20 
years to their life, the expenditure was considered 
to be justifiable. 


Bridges 

Reinforced-concrete bridges, as constructed over 
the head and tailraces, were credited with a fairly 
trouble-free life of 50 years. Yet, in their nineteenth 
year, their continued stability came into question due 
to the discovery that in some places the adhesion 
between the steel and the concrete had disappeared 
or had seriously deteriorated. This was due to the 
fact that in places the steel reinforcing bars had in- 
sufficient cover, which resulted in the steel rusting and 
the concrete spalling off. An impervious concrete coat 
was applied by “guniting”—a process of spraying 
liquid cement mortar under pressure. The cost of the 
work was over £7,400 for the worst bridge, which is 
appreciable in comparison with the original cost of 
construction. 

It may be argued that this work was an item of 
normal maintenance, but the 
gravity of the fault, the compara- 
tively high cost of repair and the 
doubt regarding the duration of 
the cure would seem to make it a 
matter for consideration in future 
life estimates. 


Station Structures 

Similar trouble to that found in 
the bridges was also discovered in 
exposed parts of the main station 
structure. The cure was again the 
same, that is, “guniting.” The 
only points in which the case 
differs from that of the bridges is 
that the trouble was not propor- 
tionately so extensive, while the 
estimated life is 75 as against 50 
years. 


Embankments 

The life period of 100 years, 
with which earthen embankments 
are credited, would appear, in the 
light of experience of the Shannon 
development, to be unduly opti- 
mistic. An earthen embankment 
of the type used on the Shannon 
project depends for its stability on 
the fluctuations in water level 
being held between fixed limits. 
Knowledge of this fact has con- 
centrated interest in maintenance 
of these structures to an excep- 
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tional degree. Despite this special care, two slumps 
have occurred since commissioning: one near the 
power station in 1931 and one upstream of the weir in 
1948, which have threatened the stability of the whole 
embankment along the 74 miles of headrace. Collapse 
of these embankments would put the station out of 
commission for a matter of two or three years and 
involve a major work of replacement. 


General 
It would, of course, be unreasonable to attempt to 
draw general conclusions from particular instances, 
yet we find it difficult to resist the temptation to 
summarise the results of our own admittedly limited 
experience, because in some instances they appear to 
be contrary to existing conceptions:— 
(a) Porcelain, or such items of plant not subject to 
maintenance apart from cleaning, has a life which 
depends only on the quality of manufacture and 
the conditions of service. 
Structural items such as steelwork, which are 
readily maintainable, may have a life, at least in 
fume and salt-free atmospheres, which is two or 
three times that normally expected. In Ardna- 
crusha, it is anticipated that most of the steelwork 
will last for at least another 20 years. 
Semi-static items of plant such as. transformers, 
which lend themselves more to service attention 
than to complete maintenance, depend largely 
for longevity on the design and quality of the 
materials employed. 
Length of life of moving or working plant de- 
pends to a large extent on quality of maintenance. 
As in the case of steelwork, such items may be 
given a much extended life. An exception to this 
rule is the case of plant in unattended locations. 
Sustained excessive overloading of either mech- 
anical or electrical plant of course would 
appreciably shorten life. 


(b) 


(c) 


(d) 


Economics of Maintenance 

The maintenance methods already described were 
organised primarily to keep plant in operation during 
the emergency period without the usual regard for 
cost. As, however, the emergency is lasting longer than 
anticipated, and will continue until the installation 
of new generating plant overtakes the expansion of 
load, it is not irrelevant to examine the extent to which 
the intensive maintenance programme is affecting the 


Fig. 11. The control room at Ardnacrusha 





economics of generation, or in any case to see how 
the costs of generation stand at this period of the 
station’s existence. It should be explained that the 
following economic analysis is entirely the author’s 
own. The figures, which are “rounded,” have been 
taken largely from the Electricity Supply Board’s 
published Annual Reports. 

Table X gives the working costs for ten years from 
the financial year ending March 31, 1941, to year 
ending March 1950. It will be noted that while the 
costs of operation, transport and local overheads rose 
gradually in line or nearly so with the increase in 
wages over the period, the figure for maintenance and 
repair rose to about six times its pre-emergency value: 
this exceptional increase is due to the extra main- 
tenance undertaken and the fact that much of it was 
chargeable at overtime rates. Still, the total mainten- 
ance and repair cost in the year ending March 31, 
1950, i.e., £52,556, is little more than 1 per cent. of the 
present capital cost, which is £4,975,600, as shown 
in Table X. This is less than the figure normally 
allowed for new developments. 


TABLE X. EXPENDITURE IN ARDNACRUSHA STATION 
FOR 10 YEARS ENDING MARCH 31, 1950. 

















Financial Mainten- | 

year ending] Operation ance and | Transport | Local 
March 31 | repair | Overheads 
| 
£ £ | £ £ 

1941 11,201 7,670 | 1,448 11,576 
1942 10.967 10,469 | 1,536 12,040 
1943 11,178 10,550 1,326 12,079 
1944 14,280 19,002 1,433 14,037 
1945 15,364 15,316 1,653 13,957 
1946 17,026 17,506 1,542 14,835 
1947 18,134 22,201 1,878 18,274 
1948 23,223 33,951 3,754 21,826 
1949 | 24,124 32,855 4,032 23,570 
1950 ' 24,797 52,556 3,586 26.264 








ending March 31, 1950, generated on an average 317 
million units per annum, which produced a gross 
revenue of £1-97 million. The total local expenses, 
which include interest on capital, a depreciation fund 
and a capital repayment fund, as well as operation, 
maintenance, repair and local administration, do not 
on the average exceed £0°4 million. The net revenue, 
therefore, from units delivered to the generation bus- 
bars is £1-57 million. 
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Fig. 1. The Pouget penstock, head 460 m., mean diameter 2-6 m., power 160,000 h.p. 


Over-Pressured and Self-Hooped 


Penstocks 


This article is based on a paper presented by Monsieur Georges 

Ferrand*, President-Director of the Société Dauphinoise d’Etudes 

et de Montages, Grenoble, to the Fourth International Mechanical 
Engineering Congress held recently at Stockholm 


N the construction of penstocks for hydro-electric 
| panos the use of strain hardening and artificial 
ageing of the steels employed is leading to im- 





* An article “‘ Pressure Pipelines’ was contributed by Monsieur Ferrand 
to WaTER Power March-April 1950, page 53. 
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portant economies in material and in cost, and at 
the same time is effecting an improvement in quality. 
The reason for this is that these treatments raise the 
initial elastic limit of the steel without incurring any 
tendency to brittleness. Furthermore, the method of 
construction guarantees that the factor of safety is 
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not a _ merely theoretical 
figure but one that has 
actually been attained during 
manufacture. 

In France self - hooped 
pipes have been well known 
for many years, and the pre- 
sent tendency for high-power 
high-head schemes is to use 
over-pressured pipes, over- 
pressured self-hooped pipes, 
and heat-treated self-hooped 
over-pressured pipes. 


Self-Hooped Pipes 

Self-hooped pipes have 
been in use since 1925. They 
have been used for all the 
French high-head high-power 
schemes, and are older and 
better known than _ over- 
pressured pipes. 

Self-hooped pipes comprise 
a welded pipe forming the 
actual pipe wall upon which 
are threaded rigid weldless 
steel hoops which have been 
hardened and tempered and 
have a high elastic limit 
(70-105 kg. per sq. mm.) or 
flexible hoops formed of steel 
cables having a very high 
elastic limit (150 kg. per 
sq. mm.). 

The pipe wall is made with 
an external diameter slightly 
less than the internal diameter 
of the hoops, which may be 
placed cold without difficulty. 
These hoops are disposed at 
a suitable spacing, and the 
assembly is placed between 
the platens of a hydraulic 
testing press. After the ends 
have been sealed a hydraulic 
pressure is applied up to or 
over twice the working pres- 
sure (static pressure plus 
surge allowance). Under the influence of this pressure 
the pipe wall expands, comes into contact with the 
hoops and induces a stress in them such that when the 
hydraulic pressure is removed the hoops are in ten- 
sion and the pipe wall is in compression. The result- 
ing fit is similar to that obtained by placing the 
hoops hot. 


Construction of an over-pressured pipe 

The method of construction of an over-pressured 
pipe is as follows. A steel die is constructed in two 
or more sections, the internal dimensions of which 
correspond to the final dimensions of the pipe. A 
welded pipe is made by the usual methods, the ex- 
ternal dimensions of which are sensibly smaller than 
the internal dimensions of the die. The pipe is then 
placed inside the die and subjected to an increasing 
internal hydraulic pressure. Under the effect of this 
pressure the pipe expands until it makes contact with 
the internal face of the die, contact being arranged 
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Fig. 2. The Portillon penstock, head 1,450 m., mean diameter I m., power 
54,000 h.p. 


to occur after the steel has passed its elastic limit. 
This pressure, called the “over-pressure,” is main- 
tained for at least a minute and then reduced to 
the working pressure for the necessary examination 
of the pipe to be carried out. The pressure is then 
restored to the over-pressure value and maintained 
for at least five minutes. The operation carries an 
important secondary advantage in that it constitutes 
the works hydraulic test of the pipe. 


Self-Hooped and Over-Pressured Pipes 

Pipes of this description are self-hooped, but are 
subsequently placed in a die similar in principle to 
that used for the ordinary over-pressured pipes, the 
internal diameter of the die being such that when 
hydraulic pressure is applied the hoops are over- 
stressed to the desired amount. The novelty of this 
system is that whereas hitherto the elastic limit of 
the hoops was not reached, now the hoops are de- 
liberately strain-hardened by cold-working. 


WATER POWER October 1952 











<4 


















Resistance to Waterhammer 

As regards waterhammer, over-pressured pipes are 
better fitted to withstand exceptional surges, as nor- 
mal pipes are tested to only 80 per cent. of their 
elastic limit whereas over-pressured pipes have been 
stressed beyond their elastic limit in the process of 
manufacture. Furthermore, in view of the fact that 
the walls of an over-pressured pipe are thinner than 
those of a normal pipe the effect of waterhammer is 
less because the elastic expansion of the pipe is 
greater. 

An experience of 40 years in the construction of 
penstocks reveals that exceptional waterhammer pres- 
sures which occur during the life of a penstock never 
at any point reach twice the normal working pres- 
sure (static pressure plus maximum normal surge 
pressure). It is for this reason that French regula- 
tions since 1918 have laid down that “the necessary 
and indispensable condition for the stability of a pen- 
stock is that its components shall be submitted at the 
manufacturer’s works to a hydraulic test equal to at 
least twice the maximum working pressure (static pres- 
sure plus maximum normal waterhammer pressure)”. 

In fact, since 1918 no accident has been reported 
to penstocks which have been subjected to such tests, 
although before 1918, and even afterwards, there 
were bursts, some of which were disastrous, in pen- 
stocks of which the components had been submitted 
to a test of only 50 per cent. above working pressure. 

It can also be shown by calculation that the over- 
pressured penstock has a greater resistance to col- 
lapse due to internal vacuum than the same penstock 
manufactured by ordinary methods. 


Resistance to Adventitious Damage 

Before concluding our discussion on this point we 
should mention the resistance of self-hooped pipes 
to damage before erection, and their ability to accept 


Fig. 3. Concrete supports of the Izourt penstock over- 
turned by an avalanche 
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violent blows, aften resulting in deformation, without 
rupture. Some of these pipes during storage or trans- 
port have been subjected to very violent shocks due 
to slipping or falling, but without incurring the 
slightest fracture of plates or hoops. 

Some details of an accident to the Isourt penstock 





Fig. 4. The Izourt penstock lifted from its supports 
by the avalanche 





Fig. 5. Lateral deformation of the Izourt penstock 
after being struck by the avalanche 
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installed at Auzat will be of interest. Although this 
penstock consisted of plain welded pipe and was not 
self-hooped, the conclusions that can be drawn from 
this accident are equally applicable to installations 
carried out with self-hooped pipes. This penstock, 
in 54 kg. Cr-Cu steel plate electrically welded through- 
out was placed in service on December 31, 1938. It 
operates under a net head of 465 m., is of 1°18 m. 
diameter and has a plate thickness between 14 and 
20 mm. in the section under consideration which lies 
at an altitude of 1,300-1,400 m. In view of the novelty 
at that time of the use of this steel for penstocks and 
the importance of the Isourt penstock it is instructive 
to record its exceptional resistance in a remarkable 
mishap. 

On March 24, 1939, a heavy avalanche struck the 
penstock in a direction practically perpendicular to 


its axis, carrying away some of the concrete supports 
and leaving it freely suspended over a span of more 
than 100 m., displacing it laterally by 1:5 m. at cer- 
tain points and driving it against some rocks which 
caused denting and prevented any further lateral dis- 
placement. All this occurred without causing either 
crack or fracture in spite of a heavy resulting pres- 
sure surge, and in spite of the fact that the penstock 
continued to operate for several hours in its perilous 
position. An examination of the pressure recorder in 
the Pradiéres power station disclosed the fact that at 
the moment the avalanche struck the penstock a very 
violent waterhammer took place, such that the pres- 
sure rose abruptly from 42 to 61 kg. per sq. cm. This 
waterhammer must have arisen partly from the 
serious deformation of the pipe when it was violently 
hurled against the rock, and partly from the momen- 


Fig. 6. The Aussois penstock under construction. The self-hooped pipe has a plate thickness of 15 mm., the 
hooped section is 80 x 43 mm., and the test pressure 195 kg. per sq. cm. 
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Fig. 7. The Aussois penstock, head 875 m., mean diameter 1°65 m., power 


125,000 h.p. 


tary ovalisation which was undoubtedly produced 
over a considerable length of the pipe under the in- 
fluence of the lateral pressure of the avalanche. 
These two types of deformation brought about a 
sudden diminution in the volume of water contained 
in the penstock and produced the same effect as an 
instantaneous closing of the discharge. In view of 
the nature of the phenomenon it is reasonable to 
suppose that the surge pressure of 19 kg. per sq. cm. 
recorded at the power station was transmitted at 
something approaching its full value throughout the 
whole length of the penstock, introducing important 
supplementary stresses. 

To restore the penstock to its normal condition it 
was first freed from surrounding debris, particularly 
from such material as still exerted a side thrust on 
the pipe. After this operation the penstock returned 
by its own elasticity to the extent of 300 mm. It was 
then reset in the region where the supports had been 
destroyed so as to bring the bottom of the pipe 
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back to its initial position, 
and finally, by means of jacks 
and pulleys, it was restored 
to the exact position that it 
occupied before the accident. 
Deformations in the pipe 
which had not righted them- 
selves during the straighten- 
ing process were then taken 
out in the cold by internal 
pressure applied by means of 
a hydraulic jack. The con- 
crete supports and anchor- 
ages were then replaced and 
the penstock returned to ser- 
vice, since when it has opera- 
ted without mishap. 


The Strain-Hardening 

Principle 

Over-pressured pipes and 
self-hooped pipes are being 
more and more widely used 
for penstocks feeding modern 
high - power hydro - electric 
stations operating under high 
heads, and for very high 
heads the present tendency is 
to use later developments of 
the earlier designs — over- 
pressured self-hooped pipes 
and self-hooped and over- 
pressured pipes. 

The construction of over- 
pressured pipes is based on 
the well-known principle of 
raising the elastic limit of a 
steel by cold working. In 
general, this strain hardening 
results in an increase in the 
ultimate strength and a pro- 
portionately still greater in- 
crease in the elastic limit. 
This offers the advantage that 
the working load can be in- 
creased without rendering the 
structure any more dan- 
gerous, because a steel strain 
hardened under tension does not become any more 
brittle, fragile or heterogeneous in structure, as has 
been confirmed by numerous experiments. In fact, 
if two steels of the same type (carbon steels, for in- 
stance) having the same elastic limit are compared, 
the first, normalised, has a greater degree of hardness 
than the second, but the second has had its elastic 
limit raised by cold working, and will be found to 
have greater resilience and a higher elongation than 
the former. 

Far from distrusting the process of strain harden- 
ing, engineers use it systematically to improve the 
mechanical properties of metal, for instance in re- 
inforced concrete, in which the steel rods are extended 
well above their elastic limit and sometimes even to 
the point of construction. The use of this property 
and its application to the construction of pipes in- 
tended to carry high internal pressures has led to the 
development of the over-pressured pipe. 

This pipe has an elastic limit higher than that 
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which it possessed before the operation of over- 
pressuring, and the ratio between the initial and 
final elastic limit is even greater than that between 
the initial and final dimensions of the pipe. Thus, 
for an equal factor of safety (based an the elastic limit) 
the pipe is able to withstand a normal service pres- 
sure higher than it could have done in its original 
state. Furthermore, the pipe, by the very process of 
manufacture, has been tested to its elastic limit and 
has an actual and controllable factor of safety. 

As in the case for ordinary over-pressured pipes 
the elastic limit of the plate and of the hoops can be 
raised still further by artificial ageing at 250° C. for 
an hour. 


Economic Value 

The economic and practical value of over-pressured 

pipes is obvious, but as an example a steel plate 
having an elastic limit of 34 kg. per sq. mm. in its 
initial state will have an elastic limit of 50 kg. per 
sq. mm. after being subjected to an elongation of 5 
per cent. If we compare the weights of normal and 
over-pressured pipes made in this material, the over- 
pressured pipe for a factor of safety of 2-5—which 
is in accordance with French regulations for pen- 
stocks—will weigh only 68 per cent. of the normal 
pipe. 
As a second example showing the economies ob- 
tainable by the use of over-pressured pipes in com- 
parison with ordinary welded pipes, we may compare 
two pipes 1-4 m. in diameter and 9 m. long designed 
to carry a normal maximum working head of 455 m. 
(45-5 kg. per sq. cm.) with a factor of safety of 2-5 
based on the elastic limit. The normal welded pipe 
is in 54 k.g. Cr-Cu steel with an elastic limit of 34 kg. 
per sq. mm. after normalising. The weight of this 
pipe is 7,640 kg. and its price is of the order of 
1,100,000 fr. The second pipe has the same initial 
characteristics, but it is over-pressured to 5 per cent. 
and then heat-treated at 250° C. for an hour, raising 
the elastic limit to 61 kg. per sq. mm. The weight of 
this pipe is 4,430 kg. and its price is of the order of 
770,000 fr., giving a weight ratio of 58 per cent. and 
a price ratio of 70 per cent. 

We may also compare self-hooped pipes and self- 
hooped and over-pressured pipes. To obtain an idea 
of the economies obtainable by the use of pipes with 
over-pressured hoops as compared with the ordinary 
self-hooped pipes we will take two pipes 1-4 m. in 
diameter, 9 m. long, designed for a normal working 
head of 445 m. (45-5 kg. per sq. cm.) with a factor 
of safety of 2-5. The first pipe is of the ordinary self- 
hooped type, made of 54 kg. Cr-Cu steel plate with 
an elastic limit of 34 kg. per sq. mm. after normalis- 
ing and with hoops in heat-treated carbon steel with 
an elastic limit of 70 kg. per sq. mm. The weight of 
this pipe is 4,700 kg. and its price is of the order of 
820,000 fr. 

The second pipe conforms to the same specification 
as the first, but the pipe wall has been over-pressured 
to 5 per cent. and the hoops to 2 per cent., the 
assembly being subsequently heat-treated at 250° C. 
for an hour. The elastic limit of the plate has been 
raised to 61 kg. per sq. mm. and that of the hoops 
to 100 kg. per sq. mm. The weight of this pipe is 
3,400 kg. and its price is of the order of 720,000 fr., 
giving a weight ratio of 72 per cent. and a price ratio 
of 88 per cent. 
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Figures quoted in Monsieur Ferrand’s paper make 
it clear that these various types of over-pressured self- 
hooped pipes are free from brittleness at all tem- 
peratures to which they are likely to be exposed in 
service. While a station is in operation, of course, 
the temperature of the water in the penstock cannot 
fall below 0° C., and at times of heavy frost the 
penstocks are emptied. 


The Cestréde Penstock 

The manufacture of self-hooped and over-pressured 
pipes was commenced in France in 1951 on an in- 
dustrial scale, and the first penstock, now under con- 
struction, will be that at Cestréde. 

The Pragnéres station in the Haute Pyrénées can 
be fed either by the Cestréde penstock under a head 
of 992-7 m. or by the Cap de Long under a head of 
1,252:7 m. A collecting channel common to the two 
penstocks and to a differential pumping station at 
Cap de Long enables the waters of the higher basin 
of the Gave de Pau to be used to replenish the Cap 
de Long reservoir. The Cestréde penstock was de- 
signed to operate under a maximum head of 1,061°1 
m. (922-7 m. plus 15 per cent. surge allowance). The 
contract called for plate of 54 kg. Cr-Cu steel and 
hoops with an elastic limit of 100 kg. per sq. mm. 
The pumping station was built after the manufacture 
of the penstock had been commenced, and it was 
shown that the penstock would have to withstand 
surges considerably higher than the calculated value 
of 15 per cent. It therefore became necessary either 
to provide the pumping station with a special supply 
system incorporating a surge chamber or to reinforce 
the Cestréde penstock so that the lower part of it 
could withstand a working pressure of 1,167-7 m. 
The former solution was complicated, costly, and of 
doubtful efficacy, and it would have involved a sub- 
stantial addition to the civil-engineering work, which 
would have had to have been carried out at a level 
about 1,700 m. in very mountainous country. The 
latter solution was impossible because .it would have 
meant changing the specification of equipment for 
which the orders had already been given, and it be- 
came necessary to find a solution which neither in- 
volved any modification of existing orders nor any 
reduction in the factor of safety below 2°5. 

It was the use of over-pressured construction which 
provided the solution to the problem. The amount 
of over-pressure was increased by 2 per cent. for the 
steel plates (raising the elastic limit from 34 to 43 kg. 
per sq. mm.) and by 1 per cent. for the hoops (raising 
the elastic limit from 70 to 78 kg. per sq. mm.). By 
this means it will be possible for the penstock to 
withstand a load well in excess of that originally 
contemplated while maintaining the factor of safety 
of 2°5. 


Relief of Welding Stresses 

Over-pressured pipes possess a very important 
advantage from the standpoint of the relief of internal 
stresses, particularly those resulting from welding. To 
obtain an over-pressured pipe we commence with a 
normal welded pipe. To relieve the internal stresses 
induced in the neighbourhood of the welds it would 
be necessary to reheat the pipe to 650°C. after weld- 
ing, but this is not always possible, either because the 
plate is too thin to withstand this operation without 
deformation or because the structure is too big. 
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Furthermore, it is never ceriain that this reheating, 
often a delicate operation, will give the expected results. 

It is known that the residual stresses in a structure 
after welding can attain values in the neighbourhood 
of the elastic limit, and it may be asked whether the 
action of external forces may combine with the in- 
ternal stresses to carry the total load to beyond the 
admissible value. However, Dr. Ing. Kommerell in 
Germany, and Mr. G. Fisch in the United States, have 
shown by the use of diagrams of constraint in relation 
to elongation that such fears are without foundation. 
Experiments on test specimens with the object of 
reducing internal stresses in a welded structure, in- 
volving comparative measurements of the external 
and internal forces, were carried out by Monsieur 
Fauconnier of the Compagnie du Metropolitain de 
Paris when the Austerlitz bridge was undergoing 
reinforcement. These experiments entirely confirmed 
the hypothesis that the internal stresses are relieved 
by cold-working. 

It needs to be explained how the constraints on a 
welded structure imposed by external forces combine 
with the tensions due to the internal constraints 
resulting from welding. These tensions and their 
resulting deformations are interrelated, with the dif- 
ference that in the former case the deformation is the 
direct result of a stress arising from the applied load, 





whereas in the latter case the tendency to contraction 
is prevented by the rigidity of the structure and 
appears as an equivalent elongation. The internal 
tensions resulting from hindered deformation should 
logically disappear if a permanent deformation be 
artificially applied in the opposite direction, equal or 
superior to the thermal contraction that has been 
prevented by the rigidity of the structure. It is suf- 
ficient, then, to apply a tension giving a permanent 
deformation equal to the opposing contraction to 
eliminate all internal tension on release. 

The steels which lend themselves best to such treat- 
ment are those having a plastic zone of at least 1 per 
cent. elongation without increase of load. 


Conclusions 

The conclusions to be drawn from the foregoing 
may be summed up under the headings of economy, 
safety and quality. The economy in material and in 
cost is important, particularly for penstocks operating 
at high powers under high heads. The hydraulic test, 
which is taken to an actual elastic limit, guarantees 
safety, and as for quality it would obviously not be 
possible to manufacture pipes by this method with 
inferior materials. The author is of opinion, however, 
that it will be possible in the future to achieve still 
greater economy without sacrificing quality or safety. 





From page 369 
Automatic CO, fire equipment is provided. 

Adjacent to the machine hall are further excavated 
chambers which house the transformers. These are 
each of 60 MVA capacity, and are provided with 
water coolers. The current is taken from the trans- 
formers through single-phase 132 kV cables to an 
outdoor switching station. A spare single-phase cable, 
which is normally used to connect the transformer 
neutral with the neutral busbar in the substation, is 
also available for use if one of the other cables would 
fail. These cables were manufactured by Sieverts 
Cable Works. 

A small house set is provided, with its own turbine, 
for auxiliary supplies, although auxiliary power can 
be fed backwards from the switching yard, or by an 
interconnection from the Olide station. 

In order to ensure that in the underground machine 
halls and in the other portions of the station there 
is no undue condensation from the naked rock walls, 
and also to assist in preserving a high standard of 
comfort for the staff on duty, special care has been 
taken ir the design of the heating equipment. Heat 
exchangers from oil to air are provided in the cooling 
circuits of each of the transformers, and the air from 
these heat exchangers has its relatively high humidity 
reduced to an appropriate level for maximum com- 
fort. It is then blown through ducts along the roof 
into the atmosphere of the machine hall and other 
portions, and thus as it sinks down the rock walls it 
picks up any moisture which may be exuded. 

Another use for waste heat is to keep the rear 
portion of the concrete wall of the intake penstock 
dry, as it has been found that the watertightness of 
such a wall is greatly increased if one side of it is 
kept as dry as possible. An air circulation system 
has been installed, so that warm air is constantly 
being blown against this wall, and is collected again 
at the bottom and reheated. 
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Great care has been taken with the lighting of all 
parts of the underground station. Lighting has been 
divided into three sections known as “everyday light- 
ing,” “installation lighting” and “festival lighting.” 
Normally, for everyday work, projectors throw up 
at the roof a pleasant but relatively low level of in- 
direct lighting which is supplemented at the attend- 
ant’s desk and on the control panel by local lighting 
elements. For maintenance and installation work addi- 
tional projectors, some of which are mounted on the 
travelling cranes, are provided; and for special occa- 
sions the “festival lighting” is brought into operation. 
This consists of a striking illumination of the whole 
vaulted roof by two rows of projectors placed com- 
paratively close together. The rock gleams in iri- 
descent colour when this lighting is brought into 
action. 

The control of both the old and the new stations 
at Trollhattan is achieved from an extremely well- 
designed and modern control room, situated above the 
old station and adjacent to the outdoor substation 
from whence lines flow to Gothenburg and to the 
Swedish supply network. One of the principal func- 
tions of the control engineers is, of course, the regula- 
tion of the water level of the lake, as well as that of 
the power output of the two stations, and remote 
indicating water level gauges are provided for this 
purpose. 

We are greatly indebted to the Swedish State Power 
Board for their courtesy in allowing us to visit 
Trollhattan and to publish this article. 


Conductor Accessories. Publication No. OT.12 issued 
by the Aluminium Wire & Cable Co. Ltd. lists and 
describes the full range of accessories for use with 
steel cored aluminium (SCA), All-aluminium (A-A) 
and Silmalec overhead conductors and is thus com- 
plementary to the company’s handbook, “Aluminium 
Overhead Lines.” 
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Instructional and 
Experimental Water Turbines 


P. J. E. Stride, B.Sc., (Eng.) makes some suggestions 

regarding water turbines, equipment and layout 

suitable for the hydraulics laboratories of universities 
and technical colleges. 





HE increasing development of the world’s water- 
fp resources in recent years has led to a con- 

siderable growth in the interest of universities 
and technical colleges in water-turbine and hydro- 
electric installations. Most institutions of this type 
have always had hydraulics laboratories of varying 
degrees of usefulness, and the past few years have 
seen considerable expansion of existing layouts as 
well as the construction of many new and better- 
equipped laboratories. 

On the other hand, some technical institutions, 
especially the smaller ones, contain hydraulic equip- 
ment that leaves much to be desired. Very often, the 
water turbines are obsolete and represent the hydraulic 
practice of fifty or so years back. This article deals 
briefly with the need for well-constructed models of 
the types of turbines used in modern installations. 

Even the most elementary series of lectures on 
water turbines is much more convincing and interest- 
ing if it is backed up by demonstrations and tests 
on actual laboratory turbines. Frequently points which 
require hours of lecturing can be demonstrated in a 
far shorter time with a model turbine, and, what is 
more important, far more effectively. For example, 
the disadvantages of the fixed-blade propeller turbine 
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with its high runaway speed and poor part-gate 
efficiency can be easily shown, and if two or more 
reaction turbines of different specific speeds are avail- 
able, the general change in the form of efficiency and 
characteristic curves can be investigated. 

The textbooks at present available on elementary 
hydraulics cover water turbines very inadequately, 
and most of them, although appearing in recent 
editions, still devote much space to obsolete designs 
and omit recent developments. Thus, the unenlight- 
ened student may well gain the impression that such 
types as the Girard and the Fourneyron turbines are 
still in use, or if he studies American textbooks, that 
no turbine is ever built with an output of less than 
10,000 b.h.p. 

For the advanced student studying the design of 
water turbines, well-constructed laboratory turbines 
are essential to enable such problems as cavitation, 
hydraulic thrusts and regulating forces to be investi- 
gated. In addition to this, the model, if of good design 
and recent construction, illustrates many points of 
mechanical design which apply equally to larger 
machines and to laboratory turbines. 

A typical model water-turbine test bay suitable for 
a small hydraulics laboratory is shown in Fig. 1. This 
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Fig. 1. Typical test bay for small laboratory with three turbines and pumping unit 
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Fig. 3. Spiral-cased reaction turbine with interchange- 
able Francis and adjustable-vane propeller runners 
layout consists of a pumping unit which can supply 
singly any of the three turbines arranged on the testing 
flume. The turbines are respectively a Pelton wheel, 
a Francis turbine and a Turgo impulse wheel such 
as those described in the ensuing paragraphs, and they 
are suitable for elementary efficiency testing in order 

cH to obtain their characteristic curves. Two methods of 


measuring the quantity of water passed by the tur- 
bines are provided, namely a venturi meter and a 
measuring weir. In order to avoid inaccuracies due 
to the influence of bends, the venturi tube should have 
as great a length as possible of straight pipe preceding 
it, never less than ten times the pipe diameter. The 
differential head created by the tube is measured by 
a mercury manometer. 

The measuring weir is usually of the rectangular 
type with no end contractions, but this can be re- 
placed by a vee notch if the water quantities are small. 
A suitable distance upstream from the weir are two 
stilling chambers connected with the main flume 
which contain a hook gauge and a float gauge, giving 
alternative methods of measuring the height of the 
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water surface above the sill of the weir. It is important 
that the water flows uniformly as it approaches the 
gauges and the weir, and to ensure this perforated 
sheet-metal baffles are fitted immediately downstream 
of the turbines. If sufficient room is available, the 
flume can be extended between the turbines and the 
weir, giving a straight section of rectangular channel 
suitable for students to check the water quantities by 
flow meters and floats. 


Reaction Turbines 

A low specific-speed Francis-type reaction turbine 
specially designed for elementary laboratory testing 
is illustrated in Fig. 2. This has an output of 1-5 h.p. 
on a net head of 50 ft., and runs at a speed of 1,270 
I.p.m. corresponding to a specific speed of 11-7 
English units. The turbine is loaded by a rope brake 
for measuring the power output. Two dummy guide 
vanes are carried on the outside of the casing and 
these indicate the shape of the actual guide vanes and 
their position at all gate openings. The guide vanes 
are operated manually by a handwheel mounted on 
the casing. 

A rather larger experimental reaction turbine, 
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Fig. 4. Section and plan of a Reiffenstein-type 
adjustable-vane propeller turbine 
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Fig. 5. Pelton wheel designed for laboratory testing 


shown in Fig. 3, is suitable for more comprehensive 
tests by advanced students. The unit is provided with 
interchangeable Francis-type and adjustable-blade 
propeller runners, the former being of cast aluminium 
and the latter having eight stainless-steel vanes ad- 
justed by geared quadrants through a central bevel 
gear. Ali alterations to the runner vane angles are 
carried out, without dismantling, by special spanners 
operated through a removable cover in the suction 
bend. The vane angles are recorded by a protractor 
scale on the runner hub read through the transparent 
draught-tube cone, which also allows stroboscopic 
investigation of the flow through the runner. Arrange- 
ments are provided for determining the hydraulic 
thrust on the runners. The guide vanes are operated 
through a regulating ring by a screw and nut mechan- 
ism, and provision is made for measuring the regulat- 
ing forces by means of a hydraulic cylinder. Two 
power absorption brakes are fitted to the machine, a 
Froude dynamometer for higher speeds, and a Prony 
brake for the lower. 

A second form of adjustable-blade propeller turbine 
is illustrated in Fig. 4. This design, which was origin- 
ated by Dr. Ing. J. Manfred Reiffenstein of Vienna, 
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has a runner similar to the normal Kaplan turbine, 
but the adjustable Francis-type guide vanes are 
omitted altogether, the water being directed into the 
runner by a spiral casing of special design. The con- 
struction of the turbine is simpler than that of a 
Kaplan machine, while its characteristics are generally 
similar. Although the part-load efficiency is somewhat 
less, it is far higher than that of the fixed-blade pro- 
peller turbine. In the turbine illustrated, which has a 
four-bladed runner, the blade angles are adjusted 
when the turbine is stationary by a graduated hand- 
wheel at the top of the vertical shaft, no dismantling 
being necessary. The output is 3 b.h.p. on 10 ft. head 
and the power is absorbed by a Prony brake of special 
design carried on ball bearings. 


Impulse Turbines 

The Pelton wheel still represents general high-head 
practice in spite of the increasing head range of the 
Francis turbine, and a modern design of demonstra- 
tion Pelton wheel is shown in Fig. 5. The lower half 
of the turbine casing is fitted with Perspex windows 





Fig. 6. A Turgo impulse wheel fitted with rope- 
brake gear and designed for testing purposes 


2 FEET 















"BOR 
SUCTION 














co | L 


5 














Fig. 7. Small pumping unit with dynamometer-type motor suitable for water supply to model turbine 
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Fig. 8. Spiral-cased Francis turbine fitted with oil- 
pressure governor and Prony brake 


enabling stroboscopic observations to be made when 
the machine is running. A water-cooled rope brake is 
included so that complete tests from standstill to 
runaway speed can be carried out. The complete 
turbine and brake assembly is mounted on a cast-iron 
bedplate which spans the testing flume. 

For medium and_ small-powered installations 
operating on heads between 100 and 800 ft. it is 
frequently possible to utilise the Turgo impulse wheel 
to considerable advantage compared with the Pelton 
wheel. The Turgo impulse wheel, British Patent No. 
468557, is manufactured solely by Gilbert Gilkes & 
Gordon Ltd. and has a specific speed of 11-5 English 
units. It runs at roughly twice the speed of a corres- 
ponding single-jet Pelton wheel, reducing the cost of 
both turbine and alternator. The part-load efficiency 
is comparable to that of a Pelton wheel. The turbine 
is of the axial-flow type, normally having a single jet 
inclined at an angle of 20° to the inlet face of the 
runner. Because of its simplicity and consequent 
reduction in first cost and maintenance work, the 
Turgo impulse wheel is generally to be preferred to 
the multi-jet Pelton wheel. Fig. 6 shows a laboratory 
model of the Turgo impulse wheel equipped with 
rope brake gear and having an output of 2-4 h.p. on 
a net head of 50 ft., running at 958 r.p.m. 


Water Supply to Laboratories 

As there is seldom any natural head available on 
which to test laboratory turbines, it is usual practice 
to utilise pumps to produce an artificial head of water. 
These pumps are normally of the centrifugal type, 
although the axial-flow design is sometimes better 
for supplying propeller turbines. 

If the pumps are suitably arranged, they can per- 
form a useful secondary function in that they, too, 
can be used for test purposes and thus provide addi- 
tional equipment for students’ experiments. In this 
case they are best driven by dynamometer-type 
motors, so that the power input can be accurately 
ascertained from tachometer and torque readings, 
without having to allow for the efficiency of the 
driving motor. A small pumping unit of this type is 
shown in Fig. 7, the rated output being 155 g.p.m. 
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against a head of 65 ft. In elementary layouts, such 
as that already described and illustrated in Fig. 1, 
the pump feeds the turbines directly, but it is often 
better to arrange the pump to discharge into a tank 
which in turn supplies the turbine. This damps out 
any influence which small variations in the pump 
output may have on the water supply, and is to be 
preferred if the turbine is used for governing tests. 
In this case the supply can be arranged to simulate 
actual working conditions to some extent, even though 
it is usually impracticable to reproduce pipeline con- 
ditions corresponding to an actual installation. 

A Francis-type turbine equipped with an oil- 
pressure governor is illustrated in Fig. 8. The governor 
is belt driven from the main shaft and the turbine’s 
output is absorbed by a Prony brake. Provision is 
made for driving an electric generator (not shown in 
the illustration) and the unit forms a laboratory 
replica of a full-sized hydro-electric installation. The 
generator is used for carrying out load-rejection tests, 
while the Prony brake allows the characteristic curves 
to be plotted from standstill to runaway speed. 

Very much more elaborate experimental turbines 
than those described are constructed for research 
purposes and the testing of new designs, but these lie 
outside the scope of this article, which has simply 
outlined the types of turbines normally installed in 
universities and technical institution laboratories. 

Note: Figs. 1, 2, 4, 5, 6, 7 and 8 are reproduced 
by permission of Gilbert Gilkes & Gordon Ltd. and 
Fig. 3 by permission of The English Electric Co. Ltd. 





Hydrodynamics in Modern Technology 


Under this title the Department of Civil and Sani- 
tary Engineering of the Massachusetts Institute of 
Technology has published a symposium held on the 
occasion of the dedication of the Hydrodynamics 
Laboratory and Ship Model Towing Tank in June 
1951. After the dedication ceremony, sessions were 
devoted to Hydrodynamics and Industry, Hydro- 
dynamics and Public Works, Hydrodynamics and 
Naval Architecture, Hydrodynamics and National 
Defence, and Hydrodynamics Research at the Massa- 
chusetts Institute of Technology. In the Hydro- 
dynamics and Industry session Forrest Nagler, Chief 
Mechanical Engineer, Allis-Chalmers Manufacturing 
Company, contributed an interesting review of 
hydraulic turbine development, and in the Hydro- 
dynamics and Public Works session Wesley R. 
Nelson, Assistant Commissioner, U.S. Bureau of 
Reclamation, surveyed the development of natural 
water resources. New relationships for the analysis 
of surge-tank transients were analysed by Allan T. 
Gifford and Henry M. Paynter.in the final session. 





Women Engineers to Discuss Water Problems 


The 1952-53 session of the London branch of the 
Women’s Engineering Society will be devoted to 
papers under the general title of “ Water — the 
Indispensable Compound.” Of particular interest to 
hydro-electric engineers will be the meeting on 
October 13, at which “Meteorology and the Engineer” 
will be discussed, and that on November 12, when 
Mr. Peter O. Wolf, B.Sc.(Eng.), A.M.I.C.E., of 
Imperial College, will read a naper on “The Con- 
struction of Dams.” The meetings will be held at 35 
Grosvenor Place, S.W.1, at 7 p.m. 
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Hydro-Power in India 


A general survey by J. Dubashi of the present state of 
development with particular reference to the Five 
Year Plan. 


HE development of electricity in Asia, particu- 

larly in the post-war period, has not been on a 

par with that in the West. Taking five chief 
countries of the region, India, Japan, Pakistan, the 
Philippines, and Thailand, power output figures for 
1938, 1948 and 1949 were respectively 27,453, 36,852 
and 41,512 million kWh. The index for power in 1949 
stood at 151 as against 100 in 1939, but only at 113 
when compared with 1948 at 100. On the whole, the 
increase in 1949 was only moderate, though it was 
better than prewar output by 51 per cent. In 1937, 
Asia’s power formed 9 per cent. of the world total; 
in 1948 it fell to less than 6 per cent. Apart from 
production, per capita consumption is a good index 
of the general backwardness of Asia. In the entire 
region which generates 13 million kW for 1,100 mil- 
lion people, Japan leads with a per capita consump- 
tion of 467 kWh, Malaya 117 kWh, Ceylon 9-6 kWh, 
China 5-1 kWh, India 13 kWh and Pakistan 1-9 kWh. 
This does not compare favourably with 3,677 kWh 
in Canada, 2,168 kWh in U.S.A., 2,165 in Sweden, 
5,307 in Norway, 1,940 in Switzerland and 1,086 kWh 
in the U.K. (1950 figures). 

The tragic part of the story is not that Asia has no 
resources and must therefore remain backward, but 
that she has an immense reservoir of energy awaiting 
exploitation and this task has, as yet, been neglected. 
Asia has more than half the world’s total human 
energy and a little less than half the total draught- 
animal resources. As such, she has today more ani- 
mate than inanimate energy. Her water-power poten- 
tial has been estimated at 183 million kW, higher 
than that of any other continent. With the exception 
of Japan, which has attained over 44 per cent. of 
her potential in installed capacity, most countries 
have a long way to go to reach anywhere near ade- 
quate exploitation. On the whole Asia has harnessed 
only 7:4 million kW of her estimated 183 million kW 
or only 4 per cent. of the total. 

India is a typical instance of what greater exploita- 
tion of available power resources can be expected to 
do to the economy of the region. Her problems are 
typical of those of many Asian neighbours: gross 
poverty and malnutrition, great pressure on land and 
backward agriculture, handicapped industrial develop- 
ment and inadequate social services. Like many of 
her Asian neighbours she has a population endowed 
with industry and intelligence, yet remains under- 
nourished and undertrained because it has only a 
fraction of her vast industrial resources like coal, iron 
ore and water power (only 1-2 per cent. of her poten- 
tial 40 million kW) harnessed to constructive pur- 
pose. Second only to China in manpower, possessing 
enormous resources both of land and water, with 
only 35 per cent. of her cultivable land today under 
the plough and only 5-6 per cent. of her water har- 
nessed for power generation, she is confronted with 
the serious problem of raising the living standards of 
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her existing population and of feeding an additional 
4 million mouths every year. Apart from the possi- 
bilities of scientifically investigating and harnessing 
her vast reserve of wind energy for such purposes as 
lift irrigation, and utilizing solar, tidal and nuclear 
energies yet awaiting exploration, the exploitation of 
her water power and thermal energy alone holds pos- 
sibilities for human advance which stagger the 
imagination. 


Early Development 

Although India’s power development in the first 20 
years of the present century was fairly good, it was 
altogether inadequate in the second 20 years when 
compared with similar progress elsewhere. India’s 
first hydro-electric undertaking took shape at Dar- 
jeeling, Assam, in 1897-98. In 1899 the first thermal 
station was established at Calcutta. Bombay followed 
in 1905, Kanpur and Madras in 1906. Three years 
earlier, a major hydro-electric project had been estab- 
lished on the Cauvery, Mysore, to feed the Kolar 
goldfields. Biggest among India’s present hydro- 
electric system is Tata’s in Bombay with an installed 
capacity of 244,000 kW, nearly 43-6 per cent. of 
India’s total installed capacity of 559,285 kW (1950 
figure). Successfully harnessing the monsoon, the 
Tata system supplies Bombay, Poona and a number 
of other districts with power for lighting and traction 
as well as numerous domestic and industrial purposes. 
There were established between 1904 and 1914 other 
major hydro-electric projects in other parts of the 
country like Madras, Travancore and Kashmir. 
Madras has three of these and one thermal station 
contributing over 76 per cent. of the power feeding all 
municipal towns and over 1,600 villages in the state 
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Fig. 1. Development of hydro-power installations in 
India since 1900 
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Fig. 2. Map of India showing some of the important projects under its Five-Year Plan 


and running a large number of its factories and mills. 

The first world war geve an impetus to industriali- 
zation in India, and an industrial commission was 
appointed in 1916 under the chairmanship of Sir 
Thomas Holland charged with the consideration of 
the question of power in a comprehensive manner. 
It came to the conclusion that no great difficulty 
appeared to be experienced in any part of India in 
obtaining coal or some sort of fuel at what might be 
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deemed the reasonable cost for ordinary power pur- 
poses, but it felt “that certain important industries 
such as electrosmelting and some electrolytic chemi- 
cal processes would be possible only when power was 
available at rates well below the cost at which it 
could usually be obtained through the medium of heat 
engines.” It went on to emphasise the necessity for 
the Government to undertake a systematic survey of 
the country to ascertain what hydro-electric possibili- 


393 

















ties existed. Acting on this recommendation, hydro- 
graphic surveys were undertaken in some parts of 
the country, the results of which were reported in 
1919 and 1921, placing the potential power at 3-5 
million kW and a maximum of 8 million kW. But 
except for a short period immediately after the war, 
conditions in the interwar years were not such as to 
encourage investment of both state and private capi- 
tal on a very large scale in hydro-electric development. 
However, state initiative led to the establishment of 
such institutions as Central Board of Irrigation in 
1931 among whose functions were chiefly the 
co-ordination of research and the dissemination of 
information on hydro-electric and allied subjects. 
Progress since 1939 

The second world war, like the first, helped to focus 
the Government’s attention on the problem of long 
and short-term power development in the country. 
Most of the preliminary work on the big river projects 
now under construction was initiated during this period 
but it was not until after the war that the river projects 
caught the imagination of the people as the only 
means of their salvation from poverty and hunger. 
In April 1945, a new body, the Central Water Power 
Irrigation and Navigation Commission (C.W.I.N.C.) 
was constituted to formulate schemes and designs 
for hydro-electric power generation among other 
things. The Electricity Act of 1945 constituted an 
Electricity Authority for developing a sound, adequate 
and uniform national power policy and particularly 
to co-ordinate the activities of planning agencies in 
relation to the control and utilisation of national 
resources. The Act required the various state govern- 
ments to set up Electricity Boards by 1952 charged 
with the general duty of promoting the co-ordinated 
development of the generation, supply and distribu- 
tion of electricity within the borders of each state. 
They were armed with an enabling power to take 
over private undertakings for the nationalisation of 
the industry, and normally to control their working. 
So far, only two boards have 
been set up, in Delhi and 
Madhya Pradesh. A Central 





Scientific Research until the formation of the new 
Government in May this year when a new special 
ministry has been created, viz., the Ministry of Plan- 
ning and River Valley Projects under Mr. Gulzarilal 
Nanda, himself the deputy chairman of the Planning 
Commiission responsible for the drawing up of the 
First Five-Year Plan published for comment in July 
1951. 


First Five-Year Plan 

The Plan, which in many ways is symbolic of the 
present mood of the Indian people, has for its primary 
aim the improvement of agricultural production. “The 
development of agriculture, however, requires pro- 
gress in a number of interrelated spheres: irrigation 
facilities must be expanded, fertilisers must become 
available on a large scale, provisions must be made 
for improving agriculture efficiency, and facilities 
given for developing alternative employment oppor- 
tunities in rural areas.” It is natural, therefore, that 
the river projects should have been given the highest 
priority in development, reflected in the outlay of Rs 
450-36 crores during 1951-56 on irrigation and power 
out of a total outlay of Rs 1,492-92 crores in the first 
part of the Plan, i.e., 30.2 per cent. The rest of the 
items in the Plan are given below, from which the 
degree of priorities can be assessed:— 


Outlay during per cent. 








1951-56 
Agricultural and rural development 191-69 12°8 
Transport and communications ... 388-12 26:1 
Industry ccs in, aie ... 100-99 6:7 
Social services rs a ee = 17:0 
Rehabilitation — ‘<a ... 79°00 a3 
Miscellaneous im ad a 1:9 

1042-56 
Irrigation and power us ... 450°36 30-2 

1492-92 100-0 


The total estimated cost of all irrigation and power 
projects included in the first part of the Plan is Rs 734 


TABLE I: PRODUCTION OF HyDRO-POWER SINCE 1939 
| Installed capacity, 1000 kW | Production, million kWh 





Electricity Commission was 
































established in January 1948, Year | Total power, _ Total power, | 
on the technical side, with the = —— | ee | _ ee See | See sn | 
responsibility of co-ordinating pi | 4 | 106719 | 307 2,442°415 | 
Ms 1940 59-7 1,120-310 1,486 2,702:056 
and furthering all schemes of 1941 459-7 | 1,148-114. | «1,735 3,120-817 | 
electric power and its trans- 1942 | 4597 | — 1,130-939 | 1,710 | — 3,160-187 | 
mission and utilisation in 1943 4581 |  1,182-046 | 1,970 3,455-195 
consultation with the state 1944 4701 1,210°825 | 2040 3,719°841 
This C 1945 474-4 1,249-454 2,104 3,992:843 
governments. ihis Commis- 1946 484-4 1,301-524 2,071 3,892-276 
sion has handled the power 1947 | 508-1 1,363°265 2,194 4,073-318 
part of the Damodar Valley 1948 | S15°5 1,410-996 2,373 |  4,575-466 1 
1949 | 5591 =| — 1,537-186 | 2,489 | 4909-3 
Scheme. Yet another body, 1950 559-3 | = :1,701-223 |S 2,519 5087-9 
the Central Water and Power 1951* 640 | 2°663 ‘ 
Commission (C.W.P.C.) was 1952* 814 | | 2,792 
formed in April 1951 by 1953* 1,204 3,408 
amalgamating C.W.I.N.C. and cae aes ans ] 
C.E.C. to conduct investiga- — Qn completion of all!” ‘ 
tions, surveys and schemes projects under Five-| 
Year Plant | 2,048 | | 


for multi-purpose projects and 
for thermal electric develop- 
ment and to undertake con- 
structional work on_ such 
schemes. The C.W.P.C. has 
been handled by the Ministry 
of Natural Resources and 





Notes: (a) All figures up to 1950 relate to power production as on Decem- 
ber 31. Figures marked * refer to the estimated position as on 
March 31 of the following year, i.e., 1,204,000 kW is the hydro- 
power capacity on March 31, 1954. 

(b) Source for all years except those marked-* is the Central Elec- 
tricity Commission Statistics. The rest are proposed plant capaci- 
ties as given in the Five-Year Plan. 
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TABLE II: List oF HyDRO-POWER PROJECTS UNDER THE FIVE-YEAR PLAN 





























| Additional benefits 
Name of Project Total Expenditure up| Expenditure Balance On completion 
cost to Mar. ’S1 *51—’56 | of cost End of 1956 1,000 kW 
| Rupees in crores throughout 
1. Bhakra-Nangal 132-90 20°80 ‘ 34:60 96 400 
2. Damodar valley 74:98 13-10 41-70 | 20°18 150 274 
3. Hirakud dam aes re 62°59 7:80 44-00 10-79 85 259 
4. Radhanagari, Bom. os 2-07 1-22 0°85 _— 5 b 
5. Jog Distribution, Bom, ...| 2°13 — 2°13 | — 12 12 
6. Moyar, Madras ... au 4°64 2°74 1-41 0-49 36 36 
7. Pykara III, Madr. cal 4-89 1-28 2-08 1-53 28 28 
8. Papanasam II, Madr. “| 3-36 1-30 1:99 0-07 10 17 
9. Machkund, Madr. weal 6°82 1:84 4°32 0-66 52 103 
10. Tungabhadra, Madr. and) 
Sega aaees aller 8:44 0:64 6-91 | 0-89 30 60 
11. Sarda, UP. age 7°50 3-00 4-50 — 23 23 
12. Small schemes, UP. 0-60 — 0:20 0-40 0°75 3 
13. Nizamsagar, Hyd. veal 1-75 4-35 0:42 — 15 15 
14. Mahatma Gandhi, Mys. ...| 7-30 6°47 0-83 -- 120 | 120 
15. Shimsha, Mys. ......| 3-20 — 311 | 09 51 | 51 
16. Palliwasal II, TrC. il 2°30 ‘70 1:60 9 9 
17. Sengulam, TrC. ... mad 2°75 1:40 1:35 | | 48 | 48 
18. Poringalkuthu, TrC. mast 2-60 1-25 | 1-35 24 24 
19. Mandi, Chamba, etc. HP.| 0-09 | _— 0:09 __ | 1 1 
Total i st nes ae 330°91 | 64°87 196-34 69:70 | tp 1,488 
Total power including hydro. ...|_ __734°38 144-37 450-38 IsTeS 1,114 — [Se 
Note: Nos. 1, 2 and 3 are under the Union Government. The rest are handled by States. Bom., Bombay; Madr., 


Madras; Hyd., Hyderabad; UP, Uttar Pradesh; Mys., Mysore; TrC., Travancore-Cochin; HP, Himachal Pradesh. 


crores. On these an expenditure of Rs 144 crores 
has been incurred up to the end of March 1951. During 
the five-year period covered by the Plan it is proposed 
to spend Rs 450 crores on these schemes, leaving 
Rs 140 crores to be spent after this period. The pro- 
jects are calculated to irrigate an additional area of 
8-8 million acres in the last year of the Plan and to 
install 1-1 million kW of additional capacity. After 
the completion and full development of these projects 
the total addition to the area irrigated will be 16-5 
million acres and 1-93 million kW of additional 
power. 

In addition to the projects which have been in- 
cluded in the Plan there are other power projects under 
consideration which have been or are being taken up 
for investigation. The aggregate cost of all these pro- 
jects is expected to be about Rs 1,400 crores. “ The 
aim of the long-term plan for national development,” 
according to the Commission, “should be to take 
these up for execution. When they are completed in 
fifteen to twenty years the area now under irrigation 
will be doubled and there will be production of power 
to the extent of seven million kilowatts. It is only by 
utilising available water resources for irrigation and 
generation of power on the scale here indicated and 
by the adoption of intensive measures for improving 
the standards of agricultural practice and the promo- 
tion of cottage, small-scale and large scale industries 
with the help of cheap electric power that an appre- 
ciable rise in the standard of living of the people can 
be achieved.” 


Finance 

The Five-Year Plan, unlike some other plans, does 
not suffer from over-ambitiousness. It covers an out- 
lay of Rs 1,793 crores of which the first part, involv- 
ing an outlay of Rs 1,493 crores, represents the outlay 
on development which seems manageab!e with the 
resources now in sight. It takes into account the 


resources that can be raised internally through taxa- 
tion and borrowing, external assistance which has 
already been offered to India and which is likely to 
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be available in this period for financing the Plan, and 
the possibility of being compelled to resort to deficit 
financing to the extent of about Rs 290 crores, if no 
further foreign assistance is forthcoming. This part of 
the Plan, which comprises largely schemes in progress, 
has to be implemented in any case, and to the extent 
that sterling balances can be utilised to supplement 
domestic resources the strain involved in deficit 
financing will be diminished. The second part of the 
Plan, however, involving an expenditure of Rs 300 
crores, is based on the assumption that the necessary 
foreign assistance will be forthcoming. This part, 
therefore, is dependent largely on the scale of foreign 
assistance available, and it is hoped that the aid offered 
by Canada and Australia under the Colombo Plan 
and the prospect of substantial aid from the United 
States in the near future may enable India to imple- 
ment the schemes in the second part and thus fulfil 
the whole plan without a hitch. 

This does not mean that no foreign aid except in 
the financial sphere is required by India or that, 
granted this aid, she will be able to fulfil the Plan 
in the given time. Far from it; India does not possess 
the necessary constructional personnel to measure up 
the scale of these huge projects. “ The principal diffi- 
culty,” according to an American observer in India 
last year for the World Power Conference, “ seems 
to stem from a failure to come to grips with the re- 
quirements of the job. The great amount of excavation 
to be moved and concrete to be mixed lifts the job 
far beyond any Indian precedent in mechanised con- 
struction, and even though this fact is recognised and 
admitted, there is a hesitancy to replace the army of 
labourers with machinery commensurate with the 
size of the job. Foreign observers believe that India 
must forgo the idea that these projects are essentially 
training schools for Indian engineers and construction 
men . . . By drawing on competent foreign super- 
vision and modern machine methods the jobs can be 
speeded to a degree that will make accomplishment 
match the schedules that the Indians themselves have 
laid down . . . ” The Damodar Valley Corporation, 
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modelled directly on America’s Tennessee Valley 
Authority, is in this respect more alive to this prob- 
lem and has made some progress in seeking the 
co-operation and aid of foreign experts. For example, 
it has established a three-man consulting board—two 
Americans, L. F. Harza and S. O. Harper, and an 
Indian. A chief engineer has also been appointed 
in the person of another American, A. H. Komora. 
As to job consultants, the Kuljean Corporation of 
Philadelphia has been selected for the Bokaro steam 
plant; and Harza Engineering Company of Chicago 
for Maithon dam and Gruner Brothers of Basle, 
Switzerland for the Konar dam. Recently, another 
American expert, Mr. Slocum, has been appointed 
as an adviser to the East Punjab Government in 
connection with the Bhakra-Nangal project on the 
Sutlej. 

The amazing thing is that without sufficient tech- 
nical and skilled construction personnel, without 


modern equipment and sometimes without proper 
materials the job is progressing, albeit slowly and 
by fits and starts. Of the several development plans 
upon which the young republic has staked its future, 
four are in a class by themselves. They comprise, 
from north to south and from largest to smallest, (1) 
Bhakra and Nangal dams on the Sutlej river; (2) 
Tilayya, Konar, Maithon and Planchett Hill dams on 
the Damodar river supplemented by a steam power 
station at Bokaro; (3) Hirakud dam on the Mahanadi 
river and (4) Tungabhadra dam on the tributary (of 
the same name) on the Krishna river. 


ACKNOWLEDGMENTS: E.C.A.F.E. Survey 1949; Ministry of 
Natural Resources and Scientific Research; Central Water 
and Power Commission; Central Electricity Commission an- 
nual reports on Public Supply Undertakings; The Draft 
Five-Year Plan, July 1951; Power Engineer, October 1951 
and January 1952; United Asia, Vol. 3, No. 5; Engineering 
News-Record, March 1, May 24 and June 7, 1951 and 
March 27, 1952. 





Electrohydraulic Water-Turbine Governor 


The latest type of water-turbine governor de- 
veloped by Allminna Svenska Elektriska, Viasteras, 
Sweden, uses electronic means, with hydraulic ampli- 
fication, to combine the various factors to which a 
governor in a modern system has to respond. 

In a power supply system of appreciable size, ex- 
tensive interconnection is nowadays applied almost 
without exception. This means that the properties 
required of a turbine regulator are determined by 
factors other than those obtaining for a solitary tur- 
bine supplying the power to an isolated system. Due 
to the interconnection, the turbine governor has vir- 
tually ceased to be a speed regulator intimately con- 
nected with the turbine, but has become instead a 
frequency-power regulator connected with the elec- 
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Fig. 1. Schematic diagram of electrohydraulic turbine 
governor. The frequency is adjusted by a knob which 
alters the circuit 1b, Ic 


1. Electronic valve regulator 
2. Control mechanism 
3. Main servomotor 


4. Gate mechanism 
5. Auxiliary generator 
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trical grid system. In this way its requirements have 
been increased many times; the regulator must be 
capable of control as desired by many quantities, by 
frequency and gate setting as hitherto, and by water 
level, water flow, line power, energy, synchronous 
time, etc. In addition, it must be possible to mix 
these quantities and to vary their relative magnitudes 
so that the most suitable operation may be obtained 
in practice both statically and dynamically. Accuracy 
and sensitivity must be high in order to ensure that 
several regulators behave in the same way for any 
change in the system, thus avoiding mutual hunting 
and over-regulation. 

The ASEA governor is the result of ten years’ de- 
velopment based on the intrinsic convenience of 
mixing and selecting control quantities by electrical 
means. 

The mode of operation is described with reference 
to Fig. 1, which gives a schematic representation of 
the arrangement. The electronic valve regulator / is 
designed to analyse, combine and to some extent 
amplify the control quantities and to convert them 
to d.c. currents /, J,. The main parts of the regulator 
comprise two electronic valves connected in push- 
pull /a, a frequency-sensitive circuit Jb, Ic, and 
damping circuit Jd, Je. The output currents /,/, of 
the regulator, which are in opposite phase, actuate 
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Fig. 2. Characteristic curves and simplified circuit of 
electronic regulator 
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Fig. 3. The electrohydraulic governor control cabinet 


the coil in the electrohydraulic control unit which 
converts the signals from electrical to mechanical. If 


the two currents from the regulator are equal, then 
the resultant ampere-turns in the coil are zero and 
the valve 2b is in the neutral position, and the cor- 
responding auxiliary servomotor is idle. The latter 
in turn actuates the main servomotor 3 via a link 
system which is quite conventional and results in both 
servomotors assuming the same relative positions. 
The main servomotor 3 operates the guide vanes on 
the turbine, and in this way controls the output 
torque. The supply voltages to the valves, which 
should have a frequency synchronous with the speed, 
can be obtained from a permanent-magnet auxiliary 
generator 5 direct coupled to the turbine shaft, as is 
indicated in the figure. 

The resonant circuit 7b which is almost free from 
losses, is tuned to a frequency corresponding to the 
nominal frequency of the alternator, e.g. 50 c.p.s. At 
resonance, i.e. when the speed corresponds to 50 c.p.s. 
the impedance of the resonant circuit may be regarded 
as infinite, and consequently the whole of the voltage 
developed by the auxiliary generator is across this 
circuit, whereas the voltage across the capacitor Ic 
is zero. The voltages appearing at the control grids 
of the two valves are therefore zero, and due to the 
symmetry of the whole circuit, the anode currents /, 
and J, are equal. The anode currents flow, however, 
only during alternate half-cycles since the anode 
voltages are in opposite phase due to the reverse 
connection of the two transformers /f. The frequency 
of the pulsating ampere-turns in the coil is so high 
that the moving parts of the control unit are not 
subjected to any displacement, but remain in the 
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neutral position. If, however, the relative magnitudes 
of the two currents alter and a resultant energising 
of the coil occurs, the control unit comes into action 
and displaces the valve 2b by an amount proportional 
to the resultant ampere-turns. Such a deviation occurs 
if the frequency increases or decreases relative to that 
of the resonant circuit. If the frequency is too high, 
a capacitative current flows through the resonant 
circuit and produces a control voltage across the 
capacitor /c which is in phase with the supply voltage. 
This control voltage is in phase with the anode voltage 
of one of the valves (in this case, the upper) and in 
opposite phase with that of the other, and thus /, 
increases whereas /, decreases. As a consequence, the 
valve 2b is displaced from its neutral position, and 
the servomotors and guide vanes start to move in the 
closing (frequency lowering) direction. On the other 
hand, if the frequency is too low the current through 
/b is inductive and the control voltage across Je is 
thus in opposite phase to the supply voltage. The 
phase of the control voltage relative to the anode 
voltage is now the reverse of the condition described 
above, which results in an increase in /, and a decrease 
in 7, and consequently a movement of the guide vanes 
in the opposite direction. 

A regulator meeting the above description will 
attempt with all means in its power to bring frequency 
back to normal as rapidly as possible. There is, how- 
ever, the risk that it may overshoot this value, so that 
the frequency will continuously oscillate around the 
desired value. In order to oppose such a tendency 
and also to stabilise regulation, a damping element 
has been inserted. It corresponds to the dashpot in a 
mechanical regulator and consists of a resistance- 
capacity circuit Jd, le, fed from a potentiometer 2d, 
the contact arm of which is moved by the auxiliary 
servomotor. In this way, the resistance-capacity circuit 
is fed with a voltage which is dependent upon the 
position of the servomotor. The capacitor /d is either 
charged or discharged according to the direction of 
movement of the servomotor and the charging current 
causes a voltage-drop across the resistors e which is 
fed to the grid of each valve as a control voltage. 
When the servomotor stops, the current decays ex- 
ponentially and the control voltages eventually dis- 
appear. The polarity of the control voltage is so 
chosen that it opposes the movement of the servo- 
motor and damping is thus afforded. In the case, for 
example, of load shedding with its consequent increase 
in frequency, 7, would increase and J, would decrease 
while the servomotor would move in the closing 
direction. The discharge current from the capacitor 
Id which results from the voltage change in 2d, causes 
a voltage-drop across Je which gives the upper and 
lower valves respectively a reduced and an increased 
control voltage. As a result, the regulator reaches 
equilibrium /,=/, and the servomotor is braked at a 
point where the frequency is being reduced but has 
not yet reached normal. By suitable dimensioning of 
this device, an aperiodic response curve is obtained. 

The properties of the regulator which permit con- 
trol by either d.c. or a.c. voltages are illustrated in 
Fig. 2. The control voltages may of course be de- 
rived from a sum or difference of other voltages. 

The regulator just described has been presented 
purely as a frequency regulator, i.e. one whose sole 
function is to maintain the frequency of the con- 
trolled turbine constant. The actual governor, how- 
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ever, can be arranged to be controlled by many other 
factors, and, as already mentioned, the influence of 
these factors can be combined electrically to give the 
desired result. Thus, circuits can be added to the 
basic control to take account of such factors as speed 
droop, water level and mean outflow. The system 
can be arranged to run a number of units in parallel 
in such a manner that they operate at optimum effi- 
ciency. Output power (MW), frequency (c.p.s.) and 
regulating capacity (MW per c.p.s.) are adjusted by 
three knobs directly calibrated in their respective 
units: the behaviour of the station so far as the net- 
work is concerned is well defined and is independent 
of the number of turbines in service. If for example, 
due to some cause or other, a unit should cut out, 
the fall in output is restored automatically by the 
remaining units, assuming that sufficient power is 
available. In this way the disturbances on the grid 
are minimised. The load division operates quite in- 
dependently of the common regulation signals, and 


the settings of the guide vanes are correlated in the 
way required even under transient conditions. 

A further method of control is by “ gate-locking,” 
which means that an electrically operated locking de- 
vice clamps the gate mechanism in the position it 
has at the time the device is operated and in the 
same instant the electronic regulator is disconnected. 
The lock is released automatically in the event of 
the motor-operated gate-limiter being driven against 
the actual gate position, after which the limiter takes 
over complete control. This locking arrangement was 
originally intended to come into operation in the 
event of failure in the regulator but has shown itself 
to be very useful when revising the regulation pro- 
gramme. On such an occasion, the gate mechanism 
is locked and it is then possible to set up the regulator 
at leisure for the new requirements and also to 
balance and reconnect it without the slightest risk of 
causing disturbances. Fig. 3 shows a typical actuator 
cabinet for this system of governing. 





Abstracts from the 
World Technical Press 


Housing Gate Hoisting Gears 

The hoisting gear of sluice or control gates in dams 
and related structures (ropes, chains, toothed racks, 
together with their fittings) is generally housed in a 
more or less wide recess provided in the pier or side 
wall (Fig. 1) in order to protect them from damage 
by trees, blocks of ice and other solid matter carried 
by the water. The depth of these recesses, generally 
as much as about 20 in., considerably impairs the 
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efficiency of this type of setting since the overfall 
water layer clings close to the inner wall of the recess 
almost as soon as it passes its upstream edge; the 
hoisting gear then bears the full impact of the flow. 
This arrangement has the further inconvenience of 
requiring a greater overall length of the gate and, 
therefore, a heavier construction. This also means a 
heavier hoisting gear and an appropriate strengthen- 
ing of the pier or side wall. Furthermore, the discharge 
coefficient is affected, since the smoothness of the 
flow is disturbed. 

All these disadvantages are eliminated in the type 
of housing shown in Fig. 2. The hoisting rope or chain 
is set here in a narrow groove, and its lower end con- 
nects with a lug or pin fixed on either side of the gate 
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body; this pin or lug moves in a guide rail consisting 
of a steel U-section which follows the curve of the 
groove, and is fitted with a few rollers. In installations 
using articulated toothed racks instead of ropes or 
chains, the guiding rollers are fitted on the racks. 
(Alexander B. Schulz, Consulting Engineer, Berlin- 
Siemenstadt, Die Wasserwirtschaft, Vol. 42, No. 9, 
June 1952, p. 303, 2 ff.) 

Automatic Control Gates at Ottmarsheim 


The first stage of the great Alsace canal at Kembs, 
at a short distance downstream of Basle, was com- 











other words sudden fluctuations of the water level in 
the canal acting as tailrace must be avoided, whatever 
the load on the power plant may be. 

The first step towards a satisfactory solution was 
to provide a battery of four Kaplan turbines, each 
capable of absorbing at full load 270 cu. m. per sec. 
under any head between 13-4 and 17-4 m. and, at 
overload and under greater heads (flood periods), 290 
cu. m. per sec. The second step was to evacuate 
directly to the downstream canal any portion of the 
discharge not absorbed by the turbines; this led to 
the setting up of a discharge control system which is 
undoubtedly one of the most interesting features of 
the Ottmarsheim installation. 
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This discharge control system consists, for each 
turbine, of two evacuation passes divided each into 
six conduits, i.e., twenty-four evacuation conduits in 
all, each fitted with an automatic gate. These gates, 
which can cope each with a maximum discharge of 60 
cu. m. per sec., are watertight steel panels 2:8 m. wide 





and 3-8 m. high, each suspended in 
two bearings which are fixed on a 
girder strongly anchored in concrete. 
Each gate is operated by a con- 
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Fig. 1. Section through < yy 
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pleted in 1932; work on the Ottmarsheim installa- 
tions, which constitute the second stage of this exten- 
sive dual-purpose scheme, started in 1948 and has 
since progressed at such a pace that the first generating 
set of the power house is expected to be put into 
operation this year. 

The generating room proper, 18 m. wide and 20:5 
m. high between floor and ceiling, has a length of no 
less than 102 m. and houses four sets consisting each 
of a 53,000 h.p. Kaplan turbine and a 44,000 kVA 
three-phase alternator, both turbine and alternator 
being mounted on a common shaft which runs in 
two guide bearings only. These units are uncommonly 
compact in design; the steel 
top cover of the alternators 
itself is inserted in a well 1-2 
m. deep, and the only parts 
emerging from the floor of 
the generating room are, as 
shown in Fig. 1, the exciter 
and the hood enclosing the 
adjusting gear of the blades 
of the Kaplan runner. 

The designers of the Ott- 
marsheim plant had to solve 
an awkward problem because 
navigation requirements make 
it imperative that the total 
discharge available in the 
canal (1,160 cu. m. per sec.) 
should also reach the down- 
stream end of the structure 
even when it is not fully ab- 
sorbed by the turbines. In 
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necting rod driven by the plunger 
of an oil-actuated servomotor. 

A twin system of electric circuits, 
which connects the power-house 
control board to both turbine gates 
and discharge control gates, enables 
the personnel on duty to prepare 
and check the opening and closing 
of the latter in co-ordination with the 
readings taken from the upstream 
and downstream limnigraphs. The 
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Fig. 2. Part plan showing discharge control system of a turbine at three levels 
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Fig. 3. A control gate 
and its servo 
mechanism 








control gates are thus always ready automatically to 
evacuate the discharge, however small or large, which 
does not reach the turbines. 

In the case of a major breakdown in the trans- 
mission network involving the closure of all four 
turbines, it will be necessary to open twenty gates to 
ensure the evacuation of the whole discharge. If, on 
the other hand, it becomes necessary to stop a generat- 
ing unit for inspection or other purposes, the turbine 
of this particular unit is isolated by means of a coffer- 
dam, the corresponding discharge control gates are 
kept closed, and the remaining 18 gates ensure a dis- 
charge of 1,080 cu. m. per sec. which, in practice, is 
exceeded only during five months of the year. It is 
also feasible to isolate two turbines when the dis- 
charge of the canal is below 720 cu. m. per sec. which 
occurs during an annual period of 34 months. 

This system of discharge control can be adapted 


to all conditions occurring in actual operation, and 
the number of control gates available permits the 
evacuation of the diverted discharge to be adjusted 
with a degree of accuracy which corresponds to a very 
small percentage of the maximum discharge of the 
canal. (J. H. Lieber, Proceedings of the Société Hydro- 
technique de France, La Houille Blanche, Vol. 7, 
No. A, March 1952, p. 151, 10 pp., 9 ff.) 


Westinghouse/Morgan-Smith Orders 

Power apparatus for the Itutinga and Tronqueiras 
hydro-electric projects in the state of Minas Gerais. 
Brazil, has been ordered from Westinghouse Electric 
International Company. The purchasers for the pro- 
jects are Companhia de Electricidade do Alto Rio 
Grande and Companhia de Electricidade do Alto Rio 
Doce, respectively. For Itutinga, Westinghouse is 
building two 13,500 kVA vertical waterwheel genera- 
tors and six 4,000 kVA power transformers and 
switchgear. For Tronqueiras, Westinghouse is building 
two 2,250 kVA waterwheel generators as well as 
power transformers and switchgear. Hydraulic equip- 
ment for both projects will be supplied by S. Morgan 
Smith Company, York, Pa. Westinghouse is also 
furnishing a 95 ton gantry crane and three 147 ft. 
steel penstocks. 


13ft. Diameter Butterfly Valves for Spain 

In referring to the 13 ft. diameter balanced disc 
type valves which Glenfield & Kennedy Limited have 
recently manufactured to the order of Boving & Co. 
Ltd. for the Los Peares hydro-electric station in north- 
west Spain, we regret that our note was headed 
“Large Sluice Valves for Spain.” These valves are, 
of course, of the butterfly type and should have been 
referred to as such. 








CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 





Appointments Vacant 


The engagement of persons answering Situations Vacant 
advertisements must be made through a Local Office of the 
Ministry of Labour or a Scheduled Employment Agency if the 
applicant is a man aged 18—64 inclusive or a woman aged 18—59 
inclusive unless he or she, or the employment, is excepted from 
the provisions of the Notification of Vacancies Order, 1952. 


AUSTRALIA : SNOWY MOUNTAINS 
HYDRO-ELECTRIC AUTHORITY 


Applications are invited for the following position in the 
Scientific Services Division: 

HEAD OF THE ENGINEERING GEOLOGY BRANCH 

with classification of Executive Engineer Grade II, Salary 

Range £1,726—£1,974 (Australian), including current cost- 

of-living adjustment and subject to future variations 

applicable to the Commonwealth Service. 

Applicants should hold an appropriate degree from a 
recognised University and have had extensive experience 
appropriate to the following duties:— 

Under the Engineer-in-Charge of the Scientific Services 
Division, the Head of the Engineering Geology Branch is 
responsible for:— 

(a) The organisation and supervision of the geological field 
and laboratory work of the Authority with particular 
reference to the engineering significance of physical 
geology, petrology, structural geology and ground water 
hydrology. 


(b) The correlation, in liaison with other branches of petro- 
graphic, structural, stratigraphic and other geological 
data with the physical properties of rock and earth 
materials both in situ and as materials potentially suit- 
able for construction purposes, and the presentation of 
such correlation as quantitative data adequate for the 
design, construction and continuing security in efficient 
service of engineering works such as large dams and 
storages, tunnels, shafts, aqueducts, surface and under- 
ground power stations and roads. 

(c) The formulation and maintenance of standards for 
quality, methods, and procedures for engineering 
geological work including surface and _ sub-surface 
investigation and the application of geophysics photo- 
grammetry and aerial photography to such work. 

(d) The application of developments in other branches of 
science to, and the development of new concepts and 
improved techniques for, the elucidation of geological 
conditions pertaining to engineering problems. 

(e) The maintenance of a central repository of geological 
information and data relating to the Snowy Mountains 
Area and in particular to the Authority’s engineering 
structures and works. 

(f) A continuing analysis of the Authority’s needs for 
engineering geological services and the initiation, pre- 
paration and execution of a planned programme of 
geological work to meet these needs. 

The appointment will be subject to a satisfactory medical 
and X-ray examination. Subject to certain conditions, the 
Authority will pay the fares to Australia of the successful 
applicant and his dependants. Salary will commence from 
date of entry on duty in Australia where temporary hotel 
or guest house accommodation will be arranged until 
permanent accommodation can be obtained. 

Applications stating age, nationality, marital status, war 
service and giving details of all previous experience, including 
present position and salary, should be forwarded to the 
Engineer-in-Charge, Snowy Mountains Hydro-Electric 
Authority, 18 St. George St., Hanover Square, London, W.1. 
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FOR MORE RAPID 
LAYING OF PIPELINE 


others — outstanding reliability in 
compressors to ensure a_ continuous 
supply of air...the highest degree of 
efficiency in compressed air tools to 
ensure the economical use of that air 


The production and piping of oil has 

been said to depend upon compressed 
air more than any other single form of 
power. Compressed air from the first 
moment of site preparation . . . compress- 


ed air for trenching and rock drilling in 
the extension of the vital pipelines... 
compressed air for the multitudinous items 
of maintenance. In applications such as 
these, three factors must outweigh all 


. and a really extensive range of 
equipment to provide a tool for every 
purpose. Because CP meets these re- 
quirements in full measure, it certainly 
pays to... 





CALL IN CONSOLIDATED 


TOOL co. LTD. - LONDON & FRASERBURGH 


Bridgend - Belfast * Dublin * Johannesburg 
and principal cities throughout the world. 


CONSOLIDATED PNEUMATIC 


Offices at Glasgow * Newcastle - 
Bombay Melbourne ° Paris 


Birmingham ° Leeds ° 
Brussels ~* Milan 


Manchester - 
Rotterdam 
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ALTERNATORS 


for Hydro-Electric Power Stations 


au ‘ 


Mounting in our Works of a new 30,000 kVA - 
6,600 Volts - 333 R.P.M. vertical-shaft alternator. 
This machine will equip the DELCOMMUNE Power 
Station, N’zilo Falls, and will contribute, with two 
other identical Units now under construction, to the 
industrial development of the Belgian Congo. 
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HE Hackbridge & Hewittic Electric Co. Ltd., has 

a long and extensive experience in the manufacture 
of water cooled and other types of TRANSFORMERS, up 
to the largest sizes, for hydro-electric power distribution. 
HACKBRIDGE TRANSFORMERS have established an 
unrivalled reputation for reliable service in world-wide 
hydro-electric installations, with operating conditions 
ranging from the tropical heat of East Africa to the 
extreme cold of Northern Canada. 





HACKBRIDGE AND HEWITTIC ELECTRIC CO. LTD., WALTON-ON-THAMES, SURREY, ENGLAND 


Telephone: Walton-on-Thames 760 (8 lines) Telegrams: ‘ Electric,” Walton-on-Thames 
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Partial view of 
operating mechanism, 
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Shop photo of Taintor Gate 
during fabrication. 


























Taintor Gate in position, looking 
up-stream from log-chute. 


By. ae * . S 
Other Vickers-Built Hydro Electric Equipment 
Turbines e Butterfly Valves e Penstocks @ Sluice 


Gates e Head Gates ¢ Stop Log Hoists ¢ Gantry 
Cranes e Trash Racks and Rakes 


In constructing most Canadian Power Dams, pro- 
vision must be made for the free movement of logs. 
The idea of using Taintor Gates to admit 

water to the log chute was conceived by the 

Hydro Electric Power Commission of Ontario... 
the Gate and all operating mechanism was 
designed and fabricated by Canadian Vickers. 

Thus imagination plus engineering know-how 
achieved a new and totally satisfactory 

answer to an old problem. 

When you have a problem, large or small, 

let Canadian Vickers engineers 

= <a find and build the answer. 
CANADIAN 


= 
MONTREAL LIMITED 
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SCOTLAND - TUMMEL GARRY - LOCH SLOY 
ERROCHTY DAM 


AFRICA - OWEN FALLS - UGANDA 


INDIA - HIRAKUD DAM PROJECT 


HUGH WOOD & CO. LTD. 


Head Office & Factories : GATESHEAD-ON-TYNE, || 
Industrial & Export Office: DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C.2 





IND/i20C/1 


WATER POWER October 1952 43 





Hydro-Electrification 


Scheme—Ceylon 


Installation of 
Haulage Gear 
at 


Norton Bridge 





m.B. WILD To BIRMINGHAM ? 


ne EAST 2 Telegrams & Cables: HAULING BIRMINGHAM] 


YORKSHIRE SWITCHGEAR 
is used extensively in yar vO- Lie A Chi 710 ch Cn UES) / 
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YORKSHIRE SWITCHGEAR 


& ENGINEERING CO. LTD. LEEDS & LONDON 


ASSOCIATED WiTH ELECTRO MECHANICAL ) ‘FC. co. LTD. SCARBOROUGE 
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Every Blue-print and every Plan 
should specify RAWLBOLTS for 


Heavy Fixings ... 


This definite statement is made because millions of RAWLBOLT 
fixings have conclusively proved their worth. If you make 
heavy fixings with RAWLBOLTS you save time, manpower and 
money, because (a) only a small hole is needed, (b) no grouting: 
is necessary and (c) there is no time-lag waiting for cement to 
dry. The job can speed ahead right from the start. 


RAWLBOLTS 


SAVE TIME, MONEY, MANPOWER & MATERIAL 


PLANT REPLANNING SIMPLIFIED. Architects and Draughtsmen are 
continually being consulted regarding replanning to cope with changing 
production demands. Every job can be speeded up by making light fixings 
with RAWLPLUGS and heavier fixings with RAWLBOLTS . . . . Instead of 
inserting on your specification “fix and make firm,” definitely specify the 
use of RAWLPLUGS and RAWLBOLTS for all fixings . ... the saving in 
time and manpower will be automatic. 
THIS DIAGRAM IS TYPICALLY wLus-| WRITE FOR TECHNICAL LITERATURE 
TRATIVE OF A RAWLBOLT FIXING. Rawlplugs, Rawldrills, Rawlbolts, Percussion Tools, 
The general principle may be applied to Rawlplastic, White Bronze Plugs, Bolt Anchors, Screw Anchors, 
items of equipment such as steel or Cement in Sockets, Boring Tools, Durium Drills, R.P.I. Electric 
cast iron flues and chimneys, air-filters, Drills, Mechanical Hammers, Drill Hammers, Soldering Irons, 
air-washers, instrument and gauge Rawlanchors, Rawlnuts, Toggle Bolts and many products of 
boards, heavy machinery, power trans- Industrial and Domestic utility. 
eect en Ate od THE WORLD’S LARGEST MANUFACTURERS OF FIXING DEVICES 


THE RAWLPLUG CO. LTD. - CROMWELL ROAD - LONDON - S.W.7 






































Diagram of spherical 
junction 


Hydraulic test of a Ferrand 
patent manifold with high 
hydraulic efficiency 


EARLY 


DELIVERY .. F 
() FOR SOC CONDOTTE FORZATE, MILANO — VIA BIGLI 21, ITALY 


Designers and manufacturers of the most modern and powerful high 
pressure pipelines with a world wide reputation 


Associated with Terni, Soc. per |’ Industria e |’ Elettricita, Terni, Italy 
ETABTS, Bouchayer and Viallet, Grenoble, France 
Soc. Dauphinoise d’ Etudes et de Montages, Grenoble, France 


WATER POWER _ October 1952 








A 

Allmanna Svenska Electriska Aktie- 
bolaget “é ” awa 

Anderson-Grice Co. Ltd... 

Armfield Hydraulic magenentten Co. 
ie, Fees. 

Arrol, Sir Wm. & Co. ‘Ltd. 

Ateliers de Constructions Electriques 
de Delle 

— de Constructions Electriques 

> Charleroi 


3° 

Balfour, Beatty & Co. Ltd. 
Bell, Theodore, Ltd. . 
Billington & Newton Ltd. 
Birkett, T. M. & Sons Ltd. 
Blackwood Hodge ... 
Blakeborough, J. & Sons Ltd. 
Blaw Knox Ltd. 

Boving & Co. Ltd. .. 

Brady, G. & Co. Ltd. 

British Conway Loaders Ltd. 
British Insulated Callender’s Cables 
a ; 
British Pitometer, The, Co. Ltd. ... 
British Ropeway Engineering Co. 

Ltd. . 
British Thomson-Houston Co. Ltd. 
Brown, Boveri & Co. Ltd. P 
Bruce Peebles & Co. Ltd. 
_ Bros. & Co. Ltd. 


as Vickers Ltd. , 
Ceretti & Tanfani Ropeway Co. Ltd. 
Charmilles Engineering Werks Ltd. 
Christiani & Nielsen 
Consolidated Pneumatic 
Ltd. . 
Costain, Richard, Ltd. 
D 


Tool Co. 


De Roll, Louis, Iron Works Ltd. 
Dominion Engineering Co. Ltd. 


E 
English Electric Co. Ltd. 
Escher Wyss Ltd. _... 


39 





F 


Ferguson Pailin Ltd. ate eo 
Ferranti Ltd. ... " ee 


Ferrum ~ re Ltd. ae 
Fusarc Ltd. — 


G 

Galileo Officine, di Battaglia Terme 23 
General Electric Co. Ltd. ... << aa 
Gilbert Gilkes & Gordon Ltd. ... — 
Glenfield & Kennedy Ltd. Front Cover 


H 
Hackbridge & Hewittic Electric Co. 
Ltd. 


41 
Harland ‘Engineering Co. Ltd., The — 
Henderson, John M. & Co. Ltd. ... — 
Henley’s, W. T., Telegraph Works 
Co. Ltd. ‘ nal = . 
Holman Bros. Ltd. Inside Back Cover 


I 
International Engineering Co., Inc. 46 


K 

Karlstads Mekaniska Werkstad ... 35 

Ketton Portland Cement, The, Co. 
ae «.. we aa aed -—— 

L 

Leffel, James & Company, The 25 

M 

Marelli, Ercole & Co. — 

Maschinenfabrik Augsburg - Nuern- 
burg, A.G. . = 

Metropolitan- Vickers Electrical Co. 
Ltd. cag Back Cover 

Mitchell Bearings ’ . — 

Millars’ Machinery Co. Ltd. ar 

N 

Newport News Shipbuilding & Dry 
Dock Co. pea woe ae 

Nuttall Edmund Sons & Co. 
(London) Ltd. ; 3 jon 

Nydgqvist & Holm Akt. isa a Oe 

oO 

Olding, Jack (Onions) Ltd. ... 20 

Oerlikon Engineering Company we 


INDEX TO ADVERTISEMENTS 








P 
Pegson Ltd. — 
Pirelli-General Cable Works Ltd. _ 


R 
Ransomes & Rapier Ltd. . — = 
Rawiplug Co. Ltd., The .. .. 4§ 


Reyrolle, A. & Co. Ltd. 
Inside Front Cover 
Riva Costruzioni Meccaniche oo. 


Ss 
SACE Costruzioni Elettromecaniche 
Salvi, A., & Company % 

Scarpa & Magnano 

Smith, Fredk. & Co. ... - 
Smith, S. Morgan, Company 6 
Smith, Thos. & Sons (Rodley) Ltd. — 


Societa Anonima _ Elettriticazione 
S.p.A. ai — a 
Societa Condotte Forzate _. 45 


South Durham Steel & Iron Co. Ltd. 18 
Standard Telephones & Cables Ltd. — 
Steatite & Porcelain Products Ltd. 10 
T 
Taylor, Tunnicliff & Co. Ltd. , 16 
Tees Side Bridge & cactiak eee 
Works Ltd., The ... — 
Transports Mecanises, S.A. ._ = 


Vv 

Vevey Engineering Works Ltd. ... 27 

Victor Products (Wallsend) Ltd. ... 29 

Voith, J. M., G.m.b.H. ie a 9 

Ww 

Ward, Thos. W. Ltd. 12 

— Electric International 
Co. ms — 

Wild, M. B. & Co. Ltd. — 

Wood, Hugh & Co. Ltd... von 


Wykeham & Co. Ltd. ome . — 


Y 

Yorkshire Blectric Transformer Co. 
Ltd. — 

Yorkshire Switchgear ¢ & Engineering 
Co. Ltd. Ss 44 








- aa 
Diversion Tunnel, Kortes Dam, U.S. A. 


LONDON: Published by TorTuiLt 





DESIGN & 


~ for complete information, write to 


DESIGN: Bhakra Dam & Power Plants — 
Seyhan River Dam & Power Plants — Turkey 
Hirakud Dam & Navigation Locks — India 


Gal Oya Dam & Power Plants — Ceylon 
CONSTRUCTION: Kajakai Dam & Reservoir — Afghanistan 
Arghandab Dam — Afghanistan 


The M-K organization has also, in joint ventures, constructed 
such world-famed dams in the U.S.A. as 
Grand Coulee Dam, Hoover Dam, Kortes 
Dam, Hungry Horse Dam, C. J. Strike Dam, 
Bonneville Dam, Anderson Ranch Dam. 


| Tour Water Power to Work! 


For more than 40 years, the Morrison-Knudsen or- 
ganization has been putting water power to work- 
all over the world. Many of the world’s greatest 
dams and hydroelectric projects are monuments to 
M-K design and construction ability. 

The internationally known reputation of M-K in the 
field of construction for water control and utiliza- 
tion is made available to you through Internationai 
Engineering Company, Inc., ready to provide uni- 
fied design and construction service in any part of 
the free world. 

A few of the international design and construction 
projects by M-K and their associates: 


India 
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INTERNATIONAL ENGINEERING COMPANY, INC. 
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UBSIDIARY OF MORRISON-KNUDSEN COMPANY, 
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Holman 





Overseas Service includes Holman 
trained engineers in: 

South Africa > East Africa - West Africa - Argentine 
Australia - Belgian Congo - Brazil - Canada - Ceylon 
Chile - Cyprus - Egypt - France - French North Africa 
India . Indonesia . Israel . Italy . Malaya . New 


Zealand - Pakistan - Paraguay 


Spain 





Hewtmbes, | 


Service . 


BROS.LTD. 


spans the world 





Science may have contracted this world of ours, but 
it is still a big enough place for a miner or engineer 
who is dependent on spares and technical assistance 
from thousands of miles away. For the Holman 
user, however, the world has shrunk to manageable 
dimensions : because the world-wide Holman service 
brings him perfectly interchangeable spares and the 
help of Holman trained engineers—fully conversant 
with his local conditions, wherever he may be. This 
service adds incalculably to the value of every 
Holman machine. 
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CAMBORNE. ENGLAND 


TELEPHONE : CAMBORNE 2275 (9 LINES) 


TELEGRAMS : AIRDRILL, CAMBORNE 


SUBSIDIARY COMPANIES, BRANCHES AND AGENCIES THROUGHOUT THE WORLD HC3 
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HYDRO-ELECTRIC PLANT 
in the Scottish Highlands .... 


The Pitlochry station of the North of Scotland Hydro-Electric 
Board, shown in the illustration, contains two 8,333 kVA 
Metrovick vertical Generators driven by Kaplan turbines of 
Boving manufacture, operating at a normal speed of 167 r.p.m. ona 3 
and designed for an overspeed of 480 r.p.m. Other Metrovick Agents in: AUSTRALE 4 
Branches at: BUENOS AIRES, | gear in this station is the generator control equipment including CANADA, FINLAND, INDIA) £ 


pa 
~ 


: voltage regulators. : 
JO’BURG, RIO DE JANEIRO, = ‘"° ¥°!28¢ Tesulators PAKISTAN, MEXICO, NOR — 


SHANGHAI, WELLINGTON, The M.V.E. Co. Ltd. also manufacture Syachronous Condensers, WAY, N. & S. RHODESIA, 
Transformers, Switchgear and automatic control equipment for 4 


Etc. the largest hydro-electric power schemes all over the world. PORTUGAL, SPAIN, Ett. SS 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., MANCHESTER 17, ENGLAND ‘ 


Member of the A.E.1. group of companies 


METROVICK hydro-electric plant for maximum power production 4 


AX/C | 
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